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Benjamin Franklin Bush* 


Ernest J. Palmer 


The death of Benjamin Franklin Bush at Independence, Missouri, February 14, 
1937, marked the end of a long and in many ways a remarkable career in the field 
of botany. 


Born in Columbus, Indiana, Dec. 21, 1858, the future botanist moved to Independ- 
ence with his mother, Mrs. Henrietta Bush, in 1865; and Jackson County, of which 
Independence is the county seat, continued to be his home up to the time of his death. 
His life-long study of the plants of Jackson County resulted in it becoming one of 
the best known sections of the United States from the botanical standpoint, and his 
writings and plant collections made the name of the insignificant village of Courtney, 
where he long resided, familiar to botanists almost throughout the world. 


Western Missouri was a frontier country at the close of the Civil War, and 
nowhere had gorilla warfare been carried on more fiercely than in that section. Kansas 
City was still a struggling new town, although the older settlement of Independence 
had been a trading point of importance for many years, and it was the outfitting and 
starting place for most of the western explorers, traders, and trappers. The Missouri 
Pacific railway had just been built from St. Louis, and it is said that Bush and his 
mother came on the first train that ran over the line. A short time after going to 
Missouri, Mrs. Bush was married to Robert B. Tindall, a pioneer florist who built and 
operated the first greenhouse in Independence. And young Bush's early interest in 
plants was no doubt due in some measure to his experience there as assistant to his 
step-father. 


Bush was a born naturalist, and in the country about Independence he found a 
most interesting field for exploration and study. Within a radius of a few miles were 
areas of open prairie, upland woods, rocky glades, and numerous creeks running down 
to the Missouri River which formed the northern boundary of the county. The wild 
life was rich and varied both in plants and animals, due largely to the proximity of 
the great river. Many unusual species of trees and smaller plants grew along the high 
limestone bluffs or in the rich woods below them; springs issuing at places spread out 
into small bogs or flowed into lakes and sloughs formed by old channels or ox-bow 
bends of the river; while an almost impenetrable growth of trees, shrubs, vines. and 
herbaceous plants covered large areas of the flood plains. All of these conditions 
contributed toward supporting a rich flora, and they also furnished protection and an 
abundant food supply for many small mammals, birds, and reptiles, and the lower 
forms of land and aquatic life. Beautifully preserved fossils could be found in many 
of the beds of limestone and sandstone of the Pennsylvanian series exposed in bluffs 
and quarries; and evidences of the former Indian inhabitants were abundant in the 
form of flint arrow-heads and other implements found in the fields or in graves and 
small mounds. 


Here was indeed a happy hunting ground for a young naturalist, and Bush became 
interested in all these things. One of his earliest interests was in the birds, and he 
came to know all of the resident and migrant species of the region not only by sight 
but also by their calls and songs. The collection of birds’ eggs that he made at this 
time became valuable in later years, since it contained sets of many species no longer 
to be found in the region. Like other naturalists of the time, he was impressed by the 
enormous flights of passenger pigeons that cast shadows like passing clouds; and he 
also recalled the great abundance of prairie hens, and the Carolina paroquets that 
sat on stumps in the recent clearing, and were so tame or so stupid that it was possible 
to approach and catch them under a coat or hat. Bush's interest in birds continued 
through life, although it was later subordinated to his study of plants. 


This must also have developed at an early age, since his first catalogue of the 


plants of Jackson County was published in 1882. 
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A copy of Wood's Class-book of Botany fell into his hands, and with the aid of 
this he tried to identify the native plants. Only a small proportion of them were 
mentioned, however, in this work, and indeed no flora of the time was at all adequate. 
In his eagerness to learn more about the plants of the county, Bush became a corre- 
spondent of Dr. George Engelmann and Dr. Asa Gray; and in later years his 
correspondents included many of the leading botanists of America and a number 
abroad. In 1886, when Professor S. M. Tracy, of the State University of Missouri, 
published the first catalogue of the plants of the state, Bush's lists and notes were the 
chief source of information for the plants of Jackson, and adjoining counties. Reverend 
Cameron Mann, while a resident of Kansas City, was also an enthusiastic student of 
the local flora, and Bush accompanied him on many botanical excursions. In 1885 
they collaborated in publishing a supplement to the Flora of Jackson County. A few 
years later he formed a botanical friendship with Kenneth K. Mackenzie, a keen 
student of botany who had begun an independent study of the flora about Kansas City. 
Together they botanized in all parts of the county throughout several seasons collecting 
material for the Manual of the Flora of Jackson County, which Mackenzie brought 
out in 1902, with Bush as associate author. Mackenzie and Bush also made several 
botanical trips together in different parts of Missouri, and they published jointly several 
papers on the plants of the state. 


In 1891 and 1892 Mr. Bush was employed to assist in collecting specimens of 
woods and other material for the Missouri forestry exhibit at the Columbian Exposition, 
Chicago, and this work took him into different parts of the state and also brought him 
into contact with a number of other botanists. While staying in St. Louis he made the 
acquaintance of Henry Eggert, an experienced collector and a discriminating botanist, 
and Bush acknowledged his indebtedness to him for much information about plants 
and methods of collecting and preserving them. Later, as a collector for the Missouri 
Botanical Garden, he visited many remote parts of the state and made extensive 
collections also in the counties of Clark, Atchison, McDonald, and Dunklin, occupying 
the four extreme corners. As a result of these explorations scores of species not 
previously known in the state were added to the flora, and a number were discovered 
that proved new to science. In 1899 and for about ten years thereafter he made 
collecting trips each season for the Arnold Arboretum, gathering notes and material 
on trees and shrubs. with particular attention to the genus Crataegus; and his work was 
recognized by Professor Charles S. Sargent as a valuable aid to him in his studies 
of this and other genera. Besides covering much of the state of Missouri, he travelled 
and collected extensively in Arkansas, Oklahoma, Texas, and several other states. 
Bush also made general collections of plants on all of these trips for distribution to 
other herbaria. 


Although botany remained his chief interest throughout life, the demands of a 
growing family made it necessary for him to engage in some business more profitable 
than that of a plant collectcr; and early in the eighteen-nineties he established a gen- 
eral store and was appointed postmaster at Courtney. This continued to be his home 
for more than forty years; and it was here, in the little time that he could take from 
his duties as merchant and postmaster, that most of his botanical writing was done and 
many of his sets of plants were prepared and sent out. 


Courtney had many advantages for the study of local botany: located 16 miles east 
of Kansas City, on the main line of the Santa Fe railroad, and four miles north of 
Independence, it lies in a great bend of the Missouri River, with the bluffs on one side 
and the river on the other, both within easy walking distance. Besides the rich native 
flora, new plant immigrants were constantly appearing about the great railway center 
of Kansas City or on the gravel bars or in the flood plains of the river. So when trips 
further afield were denied him, Bush was able to find things of interest almost in his 
back yard, and seldom in the season was his plant press empty. Here many well known 
and famous botanists, as well as local naturalists and sometimes reporters from the 
city, came to visit and to interview him; and not a few of them remained to accept his 
hospitality and to go out on collecting trips with him. 


The amount of botanical work that he was able to accomplish under the circum- 
stances, and without the aid of a large botanical library or herbarium, was a source 
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of astonishment to many of his visitors. Entering the store, he might be found working 
on a collection of plants or on a botanical paper, with half a dozen books, plant 
labels, material, and manuscript spread out on the counter. This work had to be laid 
aside at intervals on the arrival of the mail. to be sorted and distributed to waiting 
patrons, or it might at any time be interrupted by a customer coming in to buy a 
pair of shoes or overalls, a plug of tobacco, or a bill of groceries; and the bundle 
of plants or manuscript would then be hurriedly thrust on a shelf or under the counter, 
to be brought out and the work resumed at the first opportunity. 


The writer first became acquainted with Mr. Bush in 1900, and we met the 
following year. At that time I was a student at the Webb City (Missouri) Baptist 
College, with an early bent for natural history and a particular interest in geology. A 
copy of a paper by Bush, on the Trees, Shrubs, and Vines of Missouri, happened 
to fall into my hands, and this stimulated an interest in the local species. In the intro- 
duction the author requested that teachers, horticulturists, or anyone interested in the 
woody plants of the state, send specimens to him for identification, for the purpose 
of bringing about a better knowledge of the flora of the state and of the distribution 
of the trees and shrubs. Finding many plants unknown to me, I decided to take 
advantage of the opportunity, and mailed a small package of twigs and leaves to him 
at Independence. Several weeks passed and I had almost given up hope of a reply, 
when one day a letter came from Columbia, Texas, where my letter had been for- 
warded to Mr. Bush, who was then on a collecting trip for the Arnold Arboretum. 
In due time I received identifications of the specimens and was invited to send others, 
which I did from time to time throughout the year. About that time Professor Sargent 
was becoming very much interested in the North American species of Crataegus, and 
Bush asked me to look out for the various sorts to be found about Webb City. 


The following spring I was thrilled by receiving a letter from Mr. Bush saying 
that he was starting south on another collecting trip that would take him through south- 
western Missouri, and that he would like to stop and see me, if convenient. He arrived 
early in April with field press and a complete collecting outfit. The hawthorns and 
many other trees were just coming into bloom and young leaf, and the locality proved 
to be so interesting that Bush remained as a guest at my father’s home for nearly a 
week, diligently collecting in all directions about the place. Whenever possible I 
accompanied him on his excursions, and as his eager assistant, guide and pupil, I soon 
became deeply interested in the flora. Upon leaving for the South, Mr. Bush left me 
a supply of dryers, and having rigged up a crude field press, I was irrevocably launched 
as a local collector. This was the first of a number of visits Bush paid to Webb City, 
and at various times I accompanied him on more extended collecting trips to other 
parts of Missouri. His visits were always looked forward to with the greatest pleasure, 
and as I came to know him better, my admiration grew for his wonderful knowledge 
of plants in the field and for his energy and patience in adding to his store of 
knowledge. 


Mr. Bush was an ideal companion on field excursions. His indefatigable energy, 
quiet enthusiasm, and keenness of observation were a stimulus and an inspiration; his 
patience and good nature were never ruffled by the most trying circumstances; and his 
store of anecdotes, based largely upon his own experiences and observations or upon 
the work and personalities of other naturalists whom he had met, furnished unfailing 
interest. I was particularly impressed with the fact that no matter what the subject of 
conversation or with what eagerness it was being pursued, never for a moment did it 
seem to interfere with his alertness and faculties of observation. At one moment he 
would pause to listen to the call of a distant bird or to watch the movements of some- 
thing stirring in the grass or trees; at another he would be pointing out the effects of 
weather or the work of insects in the forest; and in his general survey of the trees 
above and the smaller plants beneath, he seemed to miss no detail and would constantly 
be discovering something of interest or significance and pausing to investigate it. Indeed 
this very keenness of observation and ability to see the minutest distinctions and 
departure from the typical forms in plants may have at times been a weakness when 
he undertook to write descriptive papers, as he was likely to see and regard as specific 
differences slight variations that a more conservative investigator would have overlooked. 
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As much of his botanical collecting was done before the days of automobiles and 
good roads, or in sections of the country to which they had not penetrated, most of 
his long distance traveling was by train or stage. Having established a base in some 
favorable locality where he might remain for several days or weeks, he would explore 
the surrounding country in all directions, often walking and climbing for many miles 
through the wildest and most difficult places. On his field trips he always carried a 
wooden press secured by straps and filled with a large supply of papers and dryers. 
When this was well filled with plants at the end of a long day, it became a sizable 
load; and after the fatigues of the day he would often work far into the night arrang- 
ing his notes and collections. 


His faculty for finding out and exploring some of the most remote and inaccessible 
localities where rare plants grew and where no botanist had ever before penetrated 
amounted to an instinct, and this was one of the secrets of his success. Some of his 
favorite collecting places were near Swan, Eagle Rock, Monteer Campbell, and Noel, 
Missouri, Sapulpa, Indian Territory, Moark, Varner, and Fulton, Arkansas, and 
Larissa and Columbia, Texas. The building of modern highways and closer settlement 
of the country have wrought great transformations, and some of these places are easily 
accessible today, but at the time of Bush's early visits living conditions were extremely 
primitive, and the appearance and activities of a stranger, and especial'y one on so 
unusual a quest, occasioned not only interest but suspicion. Like most successful natur- 
alists, Bush was extremely adaptable and ready to put up with meager accommodations, 
and his faculty for establishing friendly relationships with strangers was one of his 
greatest assets. He was an enthusiastic and successful fisherman, and whenever time 
and opportunity permitted he indulged in this pastime. There were times when so 
many plants had accumulated that it was necessary to wait until presses could be 
emptied; or sometimes he would go out at night with a companion or a party of local 
fishermen to some creek or bayou where he would prove his skill as an angler; and 
this always went a long way toward winning friendship and confidence. One of Bush's 
axioms was that to find reaily good fishing it was necessary to be a long way from a 
good hotel; and he applied the same principle to the selection of localities for plant 
collecting. 


A good deal of imagination and exaggeration has gone into stories about moon- 
shiners. But the illicit still was really an important industry in some sections even 
before the days of prohibition; and in localities where it flourished a stranger was 
likely to be under suspicion as a revenue officer or spy. One of the anecdotes Bush 
related concerned an experience of this sort in a remote section of the Ozarks where 
he went to collect on several occasions. Here he found lodging with the local mer- 
chant, who was also postmaster and justice of the peace. And years afterwards when 
they had become better acquainted, his host confided to him that at the time of his 
first visit, he with other enterprising citizens having a still in operation in a near-by 
hollow, had deputized one of their number armed with a squirrel rifle to follow the 
mysterious stranger about on all his wanderings and to ascertain his real business. 


At his home at Courtney, where he was acquainted through long residence and his 
excursions afield with nearly everyone for miles around, his interest in natural history— 
or in “weeds, bugs, snakes, and things’—although known and respected, always 
remained a source of wonder and of mystery to many of his neighbors. As a small 
business man, farmer, and neighbor, he was better understood and well liked, and he 
had many friends among all classes. 


The Santa Fe Railway employed a number of Mexican laborers on construction 
and maintenance work about Courtney, and shortly after Bush established his business 
there, a large cement plant was built a short distance up the river that also brought 
in many transient Mexican and Italian laborers. Through arrangements with the 
companies Bush furnished supplies to some of these workers, and others became volun- 
tary customers. He managed to pick up enough Spanish and Italian to communicate 
with those who knew little or no English, and this was a great aid to him in dealing 
with them. As they came to know and to trust him, many of them came to him for 
advice in business affairs and in their minor clashes with the law, and he freely gave 
much of his time to looking after their interests and in acting as scribe and advisor. 
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In Independence and Kansas City his botanical work received much recognition, 
even though the nature of it was little understood. His work and fame became in 
time a source of local pride. Sunday editions of the city papers had illustrated stories 
of him and of his botanical work, and there were frequent press references to his 
goings and comings. He was for a number of years unofhcial botanical adviser to the 
park system of Kansas City and had the privilege of collecting in all the public parks. 
His portrait was hung in the public library of his early home town of Independence. 
Thus, as the years passed his fame spread, not only in scientific circles, but also among 
his neighbors, and he became more and more an institution in the community—the Sage 
of Courtney, and a prophet not without honor in his own community. The value of 
his contributions toward a better knowledge of the flora of those parts of the country 
where his field of activities lay has been generally recognized in the scientific world, 
and scores of species which he discovered have been namd in his honor. 

Among the large number of plants new to science that were first collected or 
recognized by Bush are the following: Tradescantia hirsuticaulis Bush, Iris foliosa 
Mack. & Bush, Heuchera puberula Mack & Bush, Quercus arkansana Sarg., Cheno- 
podium missouriense Aellen, Delphinium Treleasei Bush, Hamamelis vernalis Sarg., 
Crataegus missouriensis Britton, Crataegus padifolia Sarg., Callirhoe Bushii Fernald, 
Viola missouriensis Greene, Fraxinus profunda Bush, Scutellaria Bushii Britton, Aureo- 
laria calycosa (Mack. & Bush) Pennell, Viburnum affine Bush, and Echinacea para- 
doxa (Norton) Britton. 

One of his most important discoveries, although not of a new species, was that 
of the cork wood (Leitneria floridana Chapm.) in the swamps of southeastern Missouri. 
This rare and interesting tree had previously been known only from collections made 
by Dr. Chapman along the Florida coast and from a doubtful specimen said to have 
been collected by Drummond in southeastern Texas. Bush first heard of it from 
fishermen who used the light wood as floats for their nets. He found it growing 
locally abundant in some of the deep swamps of Dunklin County, Missouri, and later 
extended its range into northeastern Arkansas. It has since been rediscovered along 
the lower Brazos River, in Texas, and at a few other widely scattered stations, but 
it remains one of the rarest of North American trees. 

Benjamin Franklin Bush was most widely known and will probably be best 
remembered as a botanical collector and explorer. The many thousands of well- 
prepared sheets of plants collected by him which have found their way into nearly 
all the herbaria of the world will be a constant reminder of his work; the large num- 
ber of plants previously unknown to science which he discovered, and many of which 
he described, as well as those described by others and bearing his name, will emain a 
monument to him. His work on the flora of Jackson County and of the entire state 
of Missouri, both through his collections and writings, was particularly outstanding 
and valuable, and his name will always rank high in the annals of Missouri botany. 

Bush was the author of a large number of botanical papers which appeared in 
various scientific periodicals; these included plant lists, technical papers on a number 
of plant genera, and shorter critical notes. The following list of titles and references 
is probably incomplete but it includes his more important publications and such minor 
notes as have come to our attention: 


Notes from Independence. Missouri. Bot. Gaz. 7:24, 1882. 

Flora of Jackson Co. 16 pp. Independence, 1882. 

Missouri notes. Bot. Gaz. 9:63, 1884. 

Report _ botany of Jackson County. Mo. Hort. Soc. Rept. (1888) 31:370-372, 


Distribution of the trees, shrubs, and vines of Jackson County, Missouri. Kansas City 
Scientist 5:161-164, 1891. 


Notes on a list of plants collected in southeastern Missouri in 1893. Ann. Rept. Mo. 
Bot. Gard. 5:139-153, 1894. 


Hybrid oaks in western Missouri. Garden and Forest 8:32-33, 1895. 
A new hybrid oak in the Indian Territory. Garden and Forest 8:463. 1895. 


(v) 


and 

of 
>me 
ore 
iles 
Ja 
ers. 
ble 

ble ( 
ed 
his 
el, 
nd 
ont 
ily 
ly 
so 
ir- { 
Ss, 
is 

sO 
De 
al 
d 
’s 

t 

| 
|| 
4 


A list of the trees, shrubs, and vines of Missouri. Mo. Hort. Soc. Rept. (1894) 
37 :353-394, 1895. 

Notes on the mound flora of Atchison County, Missouri. Ann. Rept. Mo. Bot. Gard. 
6:121-134, 1895. 

Quercus Phellos x rubra in Missouri. Garden and Forest 8:379, 1895. 

Notes on the botany of some southern swamps. Garden and Forest 10:514-516, 1897. 

Native and garden Delphiniums of North America, in Davis, K. C., Minn. Bot. 
Studies 2:444, 1900. 

A list of the ferns of Texas. Bull. Torr. Bot. Club 30:343-358, 1903. 

A new genus of grasses. Trans. Acad. Sci. St. Louis 13:175-183, 1903. 

The genus Othake Rafinesque. Ibid. 14:171-180, 1904. 

The Texas Tradescantias. Ibid. 14:181-193, 1904. 

The American species of Fuirena. Ann. Rept. Mo. Bot. Gard. 16:87-98, 1905. 

Two new Texas Tradescantias. Ibid. 16:100-101, 1905. 

Some new Texas plants. Ibid. 17:119-125. 1906. 

The Missouri Saxifrages. Ibid. 20:138-140, 1909. 

The Missouri Rhexias. Rhodora 13:166-168, 1911. 

Notes on Box Elder. Am. Midl. Nat. 3:148-150, 1913. 

A new Antennaria. Ibid. 3:352-353, 1914. 

The Missouri Argemonies. Ann'ls. Mo. Bot. Gard. 3:309-318, 1916. 

The genus Euthamia in Missouri. Am. Midl. Nat. 5:157-177, 1918. 

The Missouri Muhlenbergias. Ibid. 6:17-26, 33-49, 57-77, 81-97, 1919. 

Some species of Podosemum. Ibid. 7:29-41, 1921. 

A new Viburnum. Ibid. 9:1-3, 1924. 

The Missouri species of Elymus. Ibid. 10:49-88, 1926. 

Notes on trees and shrubs of Missouri. Ibid. 10:133-158, 1926. 

The Marsh Hawk. Ibid. 10:297-299, 1927. 

The glabrate species of Tilia. Bull. Torr. Bot. Club 54:231-248, 1927. 

Some species of Viburnum. Ibid. 10:225-243, 1927. 

A great blunder. Am. Midl. Nat. 10:400-403, 1927. 

The species of Polygonatum. Ibid. 10:385-400, 1927. 

The Missouri Artemisias. Ibid. 11:25-39, 1928. 

Notes on trees and shrubs of Missouri. Ibid. 11:101-124, 1928. 

Some species of Saxifraga. Ibid. 11:213-235, 1928. 

The Mexican species of Tilia. Ibid. 11:343-360, 1929. 

Notes on Aesculus species. Ibid. 12:19-26, 1930. 

Ferns of Oklahoma. Ibid. 12:91-112, 1930. 

Francis Daniels’ Carices. Ibid. 12:185-194, 1931. 

Francis Daniels’ grasses. Ibid. 12 :343-362, 1931. 

Shepard's Greene County flora—An unpublished list of plants of Greene County, 
Missouri, by Professor Edward M. Shepard, Springfield, Missouri. Ibid. 
12 :488-498, 1931. 


Some Lacinaria species. Ibid. 12 :312-318, 1931. 

The Sugar maples. Ibid. 12 :499-503, 1931. 

Tilia, in SMALL, J. K., Man. S. E. FI. 1933. 

More about Acer saccharum Marshall. Am. Midl. Nat. 15:784, 1934. 
Professor Shepard's trees of Greene County. Ibid. 15:581-585, 1934. 
Francis Daniels’ flora of Columbia, Missouri. Ibid. 16 :83-93, 1935. 
The identity of Prunus lanata M. & B. Ibid. 254, 1935. 


Busn, B. F. anp CAMERON MANN—Supplement to the flora of Jackson County, 
Missouri. Independence, Mo. 1885. 

MackenzizE, K. K. anp B. F. BusH—The Lespedezas of Missouri. Trans. Acad. 
Sci. St. Louis 12:11-19, 1902. 
New plants from Missouri. Ibid. 12 :80-89, 1902. 

_ New plants from Missouri. Ann. Rept. Mo. Bot. Gard. 16:102-108, 1905. 
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Introduction 


The purpose of this investigation was to examine the musculature of the 
pelvic appendage in at least one representative species of as many of the 
North American orders of birds as possible, and to elucidate the structural 
modifications of the various muscles, especially in so far as these might be of 
taxonomic significance. Of the twenty orders recognized in the fourth (1931) 
edition of the American Ornithologists’ Union Checklist, representatives of 
sixteen were studied, those not available being the Procellariiformes, Psit- 
taciformes, Trogoniformes, and Coraciiformes. The work was done during 


the six year period 1930-36 at the University of Nebraska. 


Gadow (1891, p. 91) states that the literature dealing with bird muscles 
is extremely voluminous. His bibliography of avian myology contains 139 
titles, including, as he states, the more important works. However many of 
them deal with muscles only in a brief and incidental way. Papers of broad 
scope which form really significant contributions to the subject are very 
scarce. Since the appearance of Gadow’s comprehensive work very little has 
been added on the muscles of the pelvic extremity. 


In America the only works of importance that have appeared are by 


Shufeldt (1886, 1890) and Burt (1930). 


The terminology of bird muscles is in a state of chaos and from this 
standpoint Gadow’s work (1891) added to the confusion since he renamed 
many of them on the doubtful basis of origin and insertion. Subsequently 


the Basle Nomina Anatomica (BNA) has appeared (1895) and is serving 


more and more as a great stabilizer of anatomical nomenclature. 


In this work the BNA terminology has been adopted in so far as a 
knowledge of homologies would permit. Gadow’s work has been used as 
the sole basis for this interpretation of homologies since it is the most author- 
itative work on the subject. His names have been retained for all muscles 
of unknown homology. The names of nineteen of the forty-one muscles of 
the pelvic appendage have been brought into conformity with the BNA. 
These names were taken from the work by Eycleshymer (1917) in which the 
complete BNA nomenclature is given. 


The complete synonymy of each muscle is given by Gadow (1891), and 
Shufeldt (1890) has transcribed Gadow’s synonymy into his work. Both of 
these works are readily accessible, hence complete synonymies are omitted 
from this treatise. 


Practically the only comprehensive work on bird muscles available in 
English is that of Shufeldt (1890), but this, although important as a pioneer 
contribution, is deficient in many respects. As with many early writers on 
the subject, Shufeldt used a terminology of his own, and in addition the part 
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of his work dealing with the pelvic appendage of the raven contains minor 


mistakes of detail; moreover, three muscles of this region were entirely over- 
looked, no doubt because of their small size. 


The illustrations of cross sections of the leg are believed to be a distinct 
advance over previous methods of delineation since they give a clearer con- 
ception of the disposition of the various muscles than can be obtained in any 
other way. This method has been extensively employed in human anatomy 
but apparently has never before been used to illustrate works on the muscu- 
lature of birds. 


The scientific and vernacular names of birds are those of the fourth 
(1931) edition of the American Ornithologists’ Union Checklist, except for 
the fact that in general no cognizance is taken of sub-species, such determina- 
tions being of no value in an investigation of this type. 


The writer wishes to acknowledge his indebtedness to the late Dr. Robert H. Wol- 
cott of the University of Nebraska, under whom this investigation was first begun; to 
Dr. I. H. Blake of the same institution for many helpful suggestions during the prep- 
aration of this paper; to the Department of Zoology of the University of Nebraska 
for furnishing facilities for preserving and storing specimens and preparing the cross 
sections, and also for purchasing a number of specimens of forms that the writer was 
unable to obtain. The following persons also generously provided specimens: Dr. H. 
W. Manter and Prof. Myron H. Swenk of the University of Nebraska; Mr. A. M. 
Brooking of the Hastings Museum, Hastings, Nebraska; Major Allan Brooks of 
Okanagan Landing, British Columbia; Capt. H. L. Harllee of Florence, South Caro- 
lina; and Dr. Alden H. Miller of the Museum of Vertebrate Zoology of the Uni- 


versity of California. Especial credit is due my wife for preparing a written transla- 
tion of all of Gadow's work (1891) that deals with the appendicular muscles of birds. 


Material and Methods 


Soon after the specimens were killed most of the down and contour 
feathers were removed to allow the preservative to reach the skin. The bases 
of the flight feathers were left intact. Specimens were injected with a solu- 
tion of one part commercial (40%) formalin to eight parts of water, then 
immersed in a vat of the same liquid. Thorough injection of all parts of the 
body is necessary, since mere evisceration and immersion in the liquid is not 
adequate for perfect preservation. When the latter method is used it may be 
many days before the formalin penetrates to the center of the large muscles, 
and during the interim the autolytic enzymes in the tissues bring about a 
partial digestion which so weakens them that satisfactory dissection of small 
structures becomes very difficult. Specimens were labeled with small wooden 
tags bearing catalogue numbers and stored in large crocks. A few drops of 
phenol were added to each container to prevent fungus growth. This com- 
pound, however, has the disadvantage of slowly decalcifying the skeletal parts 
and it is probable that toluene would prove better for this purpose. Speci- 
mens were prepared for study by partial dissection and washing in running 
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water for several days in order to remove most of the formalin. They were 
then transferred to a mixture of 50% alcohol and a little glycerine. 


In the preparation of cross sections the legs (after being fixed in formalin) 
were passed through the series of alcohols up to 70%, then placed in Von 
Ebner’s fluid and left for several weeks. After the bones were flexible the 
legs were cut into several pieces and returned to the same liquid where they 
remained until decalcification was complete. After this they were rinsed in 
70% alcohol and placed in a second bath of this liquid containing sodium 
bicarbonate, and left overnight. This neutralized the remaining acid. Next 
the specimens were passed up through the series of alcohols and completely 
dehydrated. At this point they were cut into pieces of convenient size for 
sectioning. Absolute alcohol was followed by several changes of one-half 
absolute alcohol and one-half ether. From this they were transferred to a 
thin solution of celloidin and left for several weeks. The celloidin was 
gtadually thickened by addition and evaporation. Best results were obtained, 
especially with large specimens, when infiltration occurred gradually over a 
period of several months; however, satisfactory sections were obtained with 
smaller specimens by the rapid ether-boiling method of infiltration (Guyer, 
1930, p. 66) which requires only a few hours. After the celloidin was very 
thick it was transferred, together with the tissues, to small stender dishes. By 
loosening the top, evaporation was hastened so that after a few days the sur- 
face of the celloidin began to gel. Chloroform was then added and in a day 
or two the block was completely hardened. Blocks were then cut out, mounted 
and sectioned, or stored temporarily in 85% alcohol. Sections were cut from 
30 to about 100 microns in thickness. For study they were stained and 
mounted in balsam in the usual manner. 


The illustrations of cross sections were prepared by projecting the mounted 
sections in a micro-projection apparatus or in an ordinary lantern slide ma- 
chine in the case of large sections. These were traced in pencil and later the 
sections were studied in detail under a low power binocular microscope before 
the drawings were inked. In the cross section drawings muscle tissue is 
represented diagrammatically by cross-hatching, since histological detail has 
no bearing on this investigation. 


The various other illustrations were drawn either from projected photo- 
graphic negatives or on the basis of careful measurements. The attachments 
on the bones were determined as follows: the various bones of the pelvic limb 
were separated so that the origins and insertions of the muscles remained in- 
tact. Each bone or major division of the leg was then worked out separately. 
The muscles were allowed to become partly dry, and all fat, connective tissue, 
etc., was carefully removed so as to isolate the sharply delimited muscle attach- 
ments. The part of the muscle next to the bone was painted with carbon ink 
and after drying the muscle was pulled away, leaving the exact outline of its 
attachment on the bone. 


Small specimens were dissected with the aid of a low power binocular 
microscope. 
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er 
F List oF SPECIMENS EXAMINED 
Order GAvIIFORMES. 
n) Family Gaviidae. 
the Order CoLYMBIFORMES. 
ley Family Colymbidae. 
in Eared grebe (Colymbus nigricollis californicus) ~_---...-_------------- i. 
Order PELECANIFORMES. 
xt Suborder PELECANI. 
ly Family Sulidae. 
alf Suborder FREGATAE. 
a Family Fregatidae. 
aS Man-o'-war-bird (Fregata magnificens) 


Order CICONIIFORMES. 


a Suborder ARDEAE. 
th Family Ardeidae. 
Green heron (Balorides virescens) 1. 
Order ANSERIFORMES. 
Suborder ANSERES. 
ly Family Anatidae. 
4 Order FALCONIFORMES. 
Suborder CATHARTAE. 
Family Cathartidae. 
d Turkey vulture (Cathartes aura septentrionalis) _______-__----------~-- 1. 
Suborder FALconeEs. 
Family Accipitriidae. 
Mississippi Kite (/ctinia misisippiensis) 1. 
5 Swainson’s hawk (Buteo swainsoni) 1. 
Family Falconidae. 
Duck hawk (Falco peregrinus anatum) 


Order GALLIFORMES. 
Suborder GALLI. 
Family Tetraonidae. 


Sharp-tailed grouse (Pedioecetes phasianellus) 
Family Perdicidae. 


Order GRUIFORMEsS. 
Suborder GruEs. 
Family Gruidae. 


Little brown crane (Grus canadensis) 
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Family Rallidae. 


American coot (Fulica americana) 


Order CHARADRIIFORMES. 
Suborder CHARADRII. 
Family Scolopacidae. 


Greater yellowlegs (Totanus melanoleucus ) 


Lesser yellowlegs (Totanus flavipes) 


Suborder Lari. 
Family Laridae. 
Franklin's gull (Larus pipixcan) 


Suborder ALCAE. 
Family Alcidae. 


California murre (Uria aalge californica) 


Order CoLUMBIFORMES. 
Suborder CoLumBae. 
Family Columbidae. 
Mourning dove (Zenaidura macroura) 


Order CUCULIFORMEs. 
Suborder CucuLt. 
Family Cuculidae. 
Yellow-billed cuckoo (Coccyzus americanus ) 


Order STRIGIFORMEs. 
Family Strigidae. 
Screech owl (Otus asio) 


Great horned owl (Bubo virginianus ) 


Order CAPRIMULGIFORMES. 
Suborder CApRIMULGI. 
Family Caprimulgidae. 
Nighthawk (Chordeiles minor) 


Order MicropopiiFORMES. 
Suborder Micropopu. 
Family Micropodidae. 
Chimney swift (Chaetura pelagica) 


Order Picirormes. 
Suborder Pict. 
Family Picidae. 
Flicker (Colaptes auratus ) 


Hairy woodpecker (Drvobates villosus) 


Order PAssERIFORMES. 
Suborder Tyrannl. 
Family Tyrannidae. 
Eastern kingbird (Tyrannus tyrannus ) 


Suborder PasseErEs. 

Family Corvidae. 
American raven (Corvus corax sinuatus) 
Eastern crow (Corvus brachyrhynchos) 


In addition numerous other species were examined in order 
points. 


to check certain specific 
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Historical 


Many of the papers on avian myology deal with descriptions of single 
forms. Only a few approach the subject from a comparative viewpoint. The 
following is a brief review of some of the outstanding papers dealing with the 
pelvic musculature of birds. 


Vicq d’Azyr published important papers on the anatomy of birds (1772- 
1778) which give detailed descriptions of muscles based on the investigation 
of a large series of forms. It is deficient in specific details. This writer and 
Cuvier introduced the method of naming muscles according to the origin and 
insertion. 


The beginning of the nineteenth century marked a great increase in the 
production of works on the myology of birds. This was the period when 
comparative anatomy became popular and many of the works dealing with 
bird muscles were concerned mainly with comparisons of birds with other 
vertebrate classes in an effort to determine homologies. 


In 1810 Tiedemann published on the anatomy and natural history of 
birds, giving fairly accurate descriptions of the muscles in general and an 
exhaustive consideration of the literature. 


Meckel (1825) described the muscles of numerous birds in his System 
der vergleichenden Anatomie. He also wrote a comparative account of the 
muscles in several genera of “Ratitae” (1830). 


Owen (1835) wrote an article on birds in Todd’s Cyclopaedia of Anat- 
omy and Physiology, giving general descriptions of the muscles. This was 
followed by a classical work on the anatomy of A pteryx australis (1849). 


Sundevall was one of the first to use myological characters in furthering 
avian taxonomy. In 1851 he published an important paper on the homolo- 
gies of the muscles of the extremities. Sundevall questioned the old concep- 
tion of the use of the ambiens, i.e., that it functions to maintain the sleeping 
bird on its perch by producing a tension on the perforating flexor muscles 
when the legs are folded up under the body. He set off the Passeriformes 
(including Upupa) from all other birds since they alone lack any connection 
between the two deep flexor tendons of the foot. 


Nitsch-Giebel published several important papers during the period 
1857-1863. His work on the anatomy of parrots (1862) is based on an 
examination of eleven genera and thirty-two species. 


Klemm (1864) contributed an account of the musculature of ravens 
based on an investigation of six species. 


Haughton published several papers (1865-1868) dealing mainly with 
various genera of the “Ratitae.” 

Alix wrote several important works (1867-1876) which give excellent 
descriptions of the muscles in general, together with comparisons of bird 
muscles with those of reptiles and mammals. His work on the locomotor 
apparatus of birds (1874) gives exhaustive literature references. 
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Coues was one of the few American ornithologists to publish on myology. 
He wrote a paper (1867) on the osteology and myology of Colymbus 
torquatus (=—=-Gavia immer). 

In 1869 Selenka published the first part of the bird volume for Bronn’s 
Klassen und Ordnungen des Thier-Reichs. This great work was completed 
by Gadow many years later (1891). 


Watson (1869) wrote on the mechanism of perching in birds. By careful 
study and experimentation he proved that the ambiens muscle (called rectus 
femoris by him) is not responsible for holding the sleeping bird on its perch 
as was formerly believed. Birds in which the tendon of this muscle had been 
cut retained unimpaired their capacity for perching. This old idea concerning 
the function of the ambiens apparently started with Owen. Many subsequent 
authors accepted this but Sundevall pointed out that the muscle in question 
is absent in many birds that perch and is present in most swimming birds. 
This latter author, however, did not base his conclusions on experimental 
evidence as did Watson. 

Probably the most outstanding work by a single investigator was that of 
Garrod who published a number of papers on bird muscles in the Proceedings 
of the Zoological Society of London during the period 1872-1877. As 
Prosector of the Zoological Society he had unprecedented opportunity for 
dissecting large numbers of birds of great taxonomic diversity. His attention 
was directed chiefly to a comparative study of the thigh muscles. He found 
that five muscles of this region are present in many birds and absent in 
others. These are the femoro-caudal (piriformis, Pars caudifemoralis), the 
accessory femoro-caudal (piriformis, Pars ilio-femoralis), the semitendinosus, 
the accessory semitendinosus, and the ambiens. The first four of these were 
designated by the letters A, B, X, and Y, respectively. On this basis myo- 
logical formulae were worked out for the various higher groups of birds. 
Garrod believed that the ambiens muscle was of greatest taxonomic signifi- 
cance and he divided the class Aves into two subclasses, the Homalogonatae 
(ambiens present) and the Anomalogonatae (ambiens absent). This division 
is considered artificial since it is based mainly on a single character and it 
has not been adopted. However, Garrod’s myological formulae (various 
combinations of A-B, X-Y, and ambiens) have been extensively used by 
taxonomists as aids in characterizing the higher groups of birds. Although 
Garrod’s principal work was on the thigh he also studied the tendons of the 
two deep flexor muscles of the foot (flexor hallucis longus and flexor digit- 
orum longus), and determined in which birds they are connected by a vin- 
culum and in which this is lacking. In addition he worked out the various 
modifications of the vinculum in the birds possessing it. Garrod’s work is 
well summarized by Forbes (1881). 

DeMan (1873) in a comparative myological and neurological study in 
amphibia and birds gives accurate descriptions of the limb muscles in several 
genera of birds. In addition the innervations and homologies are given, many 
of the latter being reported for the first time. 

After the untimely death of Garrod, Forbes was made Prosector of the 
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Zoological Society of London. He published several papers on avian anat- 
omy, the most important of which was on the Tubinares (1882) collected 
during the voyage of H. M. S. Challenger. This contains a section on 
myology. 

Gadow made several very important contributions to the subject. One 
of his earlier papers was on the comparative myology of the pelvic extremity 
in the “Ratitae” (1880). He paid particular attention to homologies of the 
avian muscles in comparison with those of other vertebrates. In determining 
homologies he placed great emphasis on innervations, considering these the 
surest guide to a correct interpretation. His great work on bird anatomy in 
Bronn’s Thier-Reich (1891) is the most exhaustive and elaborate volume 
ever published on the subject. The section on myology contains 234 pages 
and seventeen plates, fourteen of the latter being colored. Seventy-five pages 
and ten plates deal with the muscles of the pelvic limb. In addition there is 
a bibliography of 139 titles. This work is monographic in scope and the 
complete synonymy is given for each muscle, together with descriptions, 
innervations, and homologies. 


Although Gadow’s work is on the whole very accurate, he made the 
mistake in certain cases of working out the muscles in a few genera within 
a family or order and on this incomplete basis making sweeping statements 
about the entire group. For example, he states (1891, p. 142) that in the 
Columbidae all three of the iliotrochantericus muscles are grown together; 
however, in Zenaidura macroura all three are clearly defined. Again, he says 
(1891, p. 186) that the plantaris muscle is wholly lacking in all diurnal 
and nocturnal birds of prey; yet in several species of Falco (all those ex- 
amined) it is powerfully developed—also present in Cathartes. 


Haswell (1880, 1883), Sabatier (1880), and Weldon (1883) published 
papers of importance. 

Shufeldt (1826) wrote an extensive paper on the anatomy of the road- 
runner (Geococcyx californianus). This and his work on the raven (1890) 
are the most important that have appeared in America. Both were pub- 
lished in England but the work was done in the United States. The Myology 
of the Raven is the most voluminous single contribution ever made on the 
muscular system in birds. It contains 343 pages and 76 figures in the text. 
One hundred two pages and 29 figures are concerned with the pelvic limb. 
There is a bibliography of 144 titles. This work is important as a pioneer 
contribution in America but has several serious drawbacks. It was written 
while the author was in New Mexico without access to the literature; further- 
more, many of the muscle names are of his own invention. Some are based 
on a misinterpretation of homologies, others are entirely without precedent 
and are imperfectly applicable even to the raven—the Flexor perforatus an- 
nularis primus pedis, for example. This work was designed as a guide to the 
study of the muscular system in birds and is only casually concerned with 
comparisons between the various bird groups. Three muscles of the pelvic 
limb were overlooked in the raven, no doubt because of their small size. 
These are the iliacus, the ilio-trochantericus medius, and the flexor hallucis 
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brevis. Other errors of detail are numerous. The complete synonymy of 
Gadow is given for each muscle. 

Marshall (1905) published one of the few American papers on the 
subject. This, treating the anatomy of the poor-will (Phalaenoptilus nuttalli), 
is very inaccurate as far as the pelvic muscles are concerned. An attempt 
was made to use the terminology of Gadow and, as the author indicates, her 
findings fail to agree with his in many respects. These disparaties will be 
considered in the order in which they appear. Marshall claims that the ilio- 
trochantericus muscle is a single unit and does not show the division into 
three muscles as given by Gadow. This is probably an error since I have 
found this muscle single only in Sula, all others, including Chordeiles minor, 
having at least two. The M. caud-ilio-flexorius (semitendinosus) is said to 
show “great deviation from Gadow’s description”, in spite of the fact that 
her description is typical of this muscle (as described by Gadow) when both 
the muscle proper and the “accessorius” are well developed; however, she 
gives the origin as coming from the posterior border of the ischium. This 
is probably an error also since the origin, although in some cases reaching 
down onto the ischium, is principally from the ilium and caudal vertebrae. 
It is stated that the Pars caudalis of the M. caud-ilio-femoralis (piriformis) 
does not agree in origin with Gadow’s description. This criticism is well 
founded, for Gadow gives the origin of this muscle in Carinates as being 
from the transverse processes of several caudal vertebrae, whereas in many 
it is from the coccyx only. The M. pub-ischio-femoralis (Adductor longus 
et brevis) is said to consist of only one part. This is probably an error for in 
most birds (including Chordeiles minor) it is made up of a Pars interna 
and a Pars externa. The obturator muscle is said to vary considerably from 
Gadow’s description and to spring from the edges of the obturator foramen, 
thus agreeing in some points with his Mm. accessorii m. obturatoris (obtu- 
rator externus). From this it is evident that the entire belly of the obtura- 
tor internus (which lies on the inside of the pelvis) was overlooked! A mus- 
cle that the author was unable to identify is described under the letter “X” 
and the statement is made that Gadow did not describe such a muscle. The 
description given, however, is that of a typically developed M. femori-tibialis 
internus of Gadow. The most serious error in this work is the fact that 
Phalaenoptilus is given the myological formula AY as contrasted with AXY 
in several other genera of Caprimulgidae. Actually the formula is identical 
with the others, the semitendinosus (X) being present in all. It is interest- 
ing to note that this work by Marshall was reviewed in the Ibis (1906, 
p. 591) and rated as an “exhaustive memoir”! 


Burt (1930) briefly described the muscles of the pileated woodpecker 
(Ceophloeus pileatus). Unfortunately the nomenclature of Shufeldt was 
used. It is stated that an attempt was made to follow the BNA as closely 
as possible; however, Shufeldt’s names are closely followed, the changes 
being only minor ones in spelling and the transposition of the component 
words. Burt followed Shufeldt in overlooking the M. iliacus (which is very 
weakly developed in woodpeckers). In addition he overlooked the extensor 
proprius digiti III and the abductor digiti IV. 
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MUSCLES OF THE PELVIC APPENDAGE IN BIRDS 


A Systematic Review of all the Muscles Known to Occur 
in the Pelvic Limb of Birds 


MM. ILIO-TROCHANTERICI 


This muscle complex is subdivided into three parts all of which are 
independently developed in the crow and raven. They all arise broad and 
fleshy from the outer side of the pre-acetabular ilium and insert by rather 
broad and flat tendons on the external surface of the trochanter of the femur. 


M. ILIO-TROCHANTERICUS POSTERIOR (II. troc. post.) 
Gluteus medius—Shufeldt (1890, p. 160). 
M. ilio-trochantericus posterior—Gadow (1891, p. 141). 


Description (for the crow and raven).—This is by far the largest of the 
muscles passing from the ilium to the femur. It arises fleshy from almost 
the entire lateral surface of the pre-acetabular ilium (Figs. 2, 8). Its fibers 
converge rapidly as it passes postero-laterally, to form a broad and strong 
tendon which glides over the external surface of the proximal end of the femur 
to the insertion on the middle and outer aspect of the trochanter. This point 
of insertion extends farther proximally than any other muscle attachment on 
the femur (Fig. 8). The Il. troc. post. is almost completely covered laterally 
by the II. tib., especially by the proximal aponeurosis of that muscle. 

Action.—Rotates the femur forward and inward. 


Homology.—According to Gadow (1891, p. 139) the Mm. il. troc. must 
be looked upon as structures peculiar to birds and possessing no homologues 
in man, since the human ilium corresponds to only the part of the avian 
ilium which lies immediately around the acetabulum and somewhat posterior 
to this. The pre-acetabular ilium of birds is peculiar to them; accordingly, 
the Mm. il. troc. do not correspond to the gluteal muscles of mammals as 


Shufeldt (1890, p. 160) and other writers have considered. 


Comparison—This muscle is present in all the birds examined and is 
subject to no significant modifications. Its shape is greatly modified by the 
various shapes of the pre-acetabular ilium. Ordinarily the II. troc. post. is much 
larger than the other two II. troc. muscles; however, in Colymbus it is much 
smaller than the II. troc. ant. It is long and narrow in Gavia, Colymbus, and 
Chordeiles, conforming with the narrow pre-acetabular ilium. On the other 
hand it is quite short in Coccyzus, Colaptes, and Dryobates. The insertion 
in most forms is similar to that in the crow but in Gavia it is on the extreme 
anterior border of the trochanter, quite similar to that in Larus. In Sula 
there is only one II. troc. muscle which possibly represents a fusion of the 
usual three. Gadow (1891, p. 142) has reported this condition in Sula 
bassana (== Morus bassanus). 


M. ILIO-TROCHANTERICUS ANTERIOR (II. troc. ant.) 
Gluteus minimus—Shufeldt (1890, p. 163). 
M. ilio-trochantericus anterior—Gadow (1891, p. 142). 
Description (for the crow and raven).—This is the medium-sized II. 
troc. muscle. It arises semitendinous from a narrow line on the ventral edge 
of the ilium, lying between the origins of the sartorius in front and the 
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Il. troc. med. behind (Figs. 2, 3, 8). The rather thin triangular muscle 
passes postero-laterally, parallel to the Il. troc. post., to its insertion on the 
external surface of the trochanter, just beyond the point of insertion of the 
Il. troc. med. and between the heads of the Fem. tib. ext. and the Fem. tib. 
med. (Fig. 8). Externally this muscle is exposed throughout most of its 
extent upon the removal of the Il. tib. It does not take part of its origin 
from the last rib as claimed by Shufeldt (1890, p. 166), but arises from the 
ilium only. On its dorsal surface the belly is rather intimately connected 
with the II. troc.. post. 

Action.—Accessory to the powerful II. troc. post. in rotating the femur 
forward and inward. 


Homology.—Peculiar to birds (Gadow, 1891, p. 139). 


Comparison—The II. troc. ant. shows no very important variations and 
is present in all except Sula. In this form it is probably fused with the other 
Il. troc. muscles; at any rate it is not present as an independent muscle. In 
most forms the origin is from almost the entire ventral edge of the pre- 
acetabular ilium. This is the case in Falco, Buteo, Chen, Chordeiles, Ardea, 
Fulica, Grus, and Totanus. In Larus and Fregata it arises from only the 
middle portion of the ventral edge of the pre-acetabular ilium. The following 
closely resemble the crow: Uria, Zenaidura, Pedioecetes, Colinus, Chaetura, 
Coccyzus, Colaptes, Dryobates, and Tyrannus. Bubo and Otus are similar 
to the crow except that the origin is from a somewhat greater portion of the 
ilium. In Gavia the II. troc. ant. is fleshy throughout and is fully as large 
as the II. troc. post. In Colymbus it is much larger than the latter. This 
does not confirm Gadow’s statement (1891, p. 141) that the II. troc. post. 
is always the most highly developed. However, in most birds the II. troc. 
ant. is much smaller than the II. troc. post. 


M. ILIO-TROCHANTERICUS MEDIUS (II. troc. med.) 
Overlooked by Shufeldt (1890) in the raven. 
M. ilio-trochantericus medius—Gadow (1891, p. 142). 

Description (for the crow and raven) .—This is by far the smallest of the 
three Il. troc. muscles. It arises fleshy from a small area near the ventral 
edge of the ilium, just in front of the acetabulum (Figs. 3, 8). Immediately 
below its origin lies that of the Iliacus. From its point of origin this small 
muscle extends laterally and somewhat posteriorly to its insertion on the 
antero-lateral border of the trochanter, between the points of insertion of th2 
Il. troc. post. and the II. troc. ant. (Fig. 8). 

Shufeldt (1890) entirely overlooked this muscle in the raven in which it 
is clearly evident just as in the crow. 

Action.—Aids the two other II. troc. muscles in rotating the femur for- 
ward and inward. 

Homology.—Peculiar to birds (Gadow, 1891, p. 139). 

Comparison.—In many birds the II. troc. med. is absent, or at least it is 
not independently developed. In such cases it may be fused with the II. troc. 
ant. but for all practical purposes may be considered absent. 
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The following is a synopsis of the occurrence of this muscle in the birds 
examined. 


Absent Present 
Sula Fulica Gavia 
Fregata Totanus Colymbus 
Ardea Uria Cathartes 
Butorides Coccyzus Pedioecetes 
Chen Otus Colinus 
Buteo Bubo Larus 
Falco Chordeiles Zenaidura 
Grus Chaetura Colaptes 
Dryobates 
Tyrannus 
Corvus 


Gadow (1891, p. 142) states that all three of the II. troc. muscles are 
grown together in the Columbidae. Nevertheless I find them clearly sep- 
arable in Zenaidura and the domestic pigeon (Columba livia). 

Garrod (1874) did not include this muscle in his myological formula. 
As regards presence or absence (which was the feature emphasized by Gar- 
rod) it shows a variability in the different orders of birds comparable to that 
shown by the five muscles in his formula. I believe that it could well be in- 
cluded. Since Garrod has designated four of his formula muscles by the 
letters A, B, and X, Y, the II. troc. med. could be given the letter C. 


M. GLUTAEUS MEDIUS ET MINIMUS (Glut. med. et min.) 
M. ilio-femoralis externus—Gadow (1891, p. 143). 

Description (for the great horned owl—Bubo virginianus ).—Arises from 
the ventral edge of the lateral ridge of the ilium directly opposite the acetab- 
ulum. The distal half of this small and flat muscle is a thin tendinous sheet 
which passes over the posterior half of the trochanter, and inserts on a trans- 
verse line just proximal to the tendon of the Isch. fem.; in fact, the tendons 
of these two muscles are very intimately grown together at right angles to 
each other. The Glut. med. et min. is covered laterally by the II. tib. and 
the Bic. fem. 

This muscle is figured for the bob-white (Colinus virginianus) on PI. 
24, Fig. 64. 

Action.—Very weak—but tends to abduct the femur. 

Homology.—Gadow (1891, p. 209) gives the M. ilio-femoralis externus 
as homologous to the M. glutaeus medius et minimus of man. 

Comparison—The following is a synopsis of the forms in which the 
Glut. med. et min. is apparently absent and those in which it is definitely 
present: 


Absent Present 
Colymbus Gavia Pedioecetes 
Zenaidura Sula Colinus 
Coccyzus Fregata Grus 
Chordeiles Ardea Fulica 
Chaetura Chen Totanus 
Colaptes Butorides Larus 
Drvobates Buteo Uria 
Tyrannus Falco Otus 


Corvus Bubo 
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It is very difficult in the case of small birds to determine whether this 
little muscle is absent or simply rudimentary. Gadow (1891, p. 144) indi- 
cates that in some cases it is completely fused with the posterior margin of 
the Il. troc. post. However, as has already been pointed out in connection 
with the II. troc. med., such a completely fused muscle is for all practical 
considerations absent, especially if the innervation fails to provide a definite 
basis for determination as Gadow indicates is the case with the Glut. med. 
et min. 

It is possible that a careful study of all the orders and families of birds 
would provide evidence to justify the use of this muscle in myological for- 
mulae. In the present study it was found to be absent in representatives of 
seven out of fifteen orders. The letter “D” would be suitable for designating 
this muscle in a myological formula. 


The variations in structure of this muscle among the various groups of 
birds is slight. It is most strongly developed in Buteo, Sula, Ardea, and 
Falco. In the following the insertion is about as in Bubo: Sula, Fregata, 
Ardea, Butorides, Buteo, Falco. It is just in front of the middle of the 
tendon of the Isch. fem. in Pedioecetes, Colinus, Grus, and Fulica. The 
insertion is adjacent to the distal edge of the tendon of the Isch. fem. in 
Chen, Totanus, Larus, and Uria. 

In Gavia the short tendon is quite distinct but the belly appears to be 
intimately fused with the II. troc. post. It inserts farther proximally than in 
other forms—opposite the insertion of the Obt. int. 


M. 111acus (lIliacus) 
Overlooked by Shufeldt (1890) in the raven. 
M. ilio-femoralis internus—Gadow (1891, p. 144). 

Description (for the crow and raven).—This little muscle is fleshy 
throughout, and is the smallest of all the muscles associated with the thigh. 
It arises from the ventral border of the ilium, slightly in front of the acetab- 
ulum and immediately below the origin of the II. troc. med. (Figs. 6, 8, 9). 
From this point it runs postero-laterally to its insertion on the medial side 
of the femoral shaft, between the head of the femur and the proximal end of 
the Fem. tib. int. 


Shufeldt (1890) overlooked this little muscle entirely, although it has 
the same relative development in the crow and the raven. This is clearly 
evident in a specimen of the raven at hand. 

Action.—Although extremely weak the M. iliacus aids in drawing the 
femur forward, at the same time adducting it. As pointed out by Gadow 
(1891, p. 144), this muscle acts as an II. troc. on the medial side. 

Homology.—Gadow (1891, p. 140) states that the M. ilio-femoralis in- 
ternus of birds corresponds in origin, insertion, and innervation to the M. 
iliacus of man. 

Comparison.—The iliacus is present in all the forms examined and is one 
of the most uniformly developed thigh muscles in birds. It is weakest in 
Dryobates and this probably accounts for the fact that Burt (1930) over- 
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looked it in woodpeckers. It is unusually short and broad in Gavia and 
Colymbus. Fulica and Chordeiles also have it strongly developed. 


M. AMBIENS (Ambiens) 


M. ambiens—Gadow (1891, p. 145). 

Description (for Swainson’s hawk—Buteo swainsoni).—This muscle lies 
superficially on the medial surface of the thigh. It arises by a short flat 
tendon from the Spina pubica. The tendon unites below with the flat spindle- 
shaped belly which passes downward along the medial surface of the Fem. 
tib. (Figs. 46, 67). About two-thirds the way down the thigh the belly gives 
way to the long flat tendon which passes under the sartorius on the inner 
side of the knee region. Farther down it passes under the patellar tendon 
and around the front of the knee to the external side of the shank, where it 
perforates the proximal end of the belly of the F. p. et p. d. III. From here 
it passes inward and downward to the lateral surface of the fibula, and under 
the tendon of insertion of the Bic. fem. (which holds it firmly down against 
the deep flexor). Shortly below the insertion of the Bic. fem. the tendon of 
the M. ambiens serves as a head of origin for the Flex. per. d. II (Fig. 68). 
The Mm. flex. per d. III and IV are also rather intimately connected with this 
tendon, but the Flex. per d. II forms a direct continuation of it. 


The tendon of insertion of the M. ambiens makes up about three-fifths 
of the total length of the muscle. It is not visible superficially beyond the 
point where it passes beneath the sartorius. 

Action.—Aids in flexing the fore toes but more especially the second one. 

Homology.—The M. ambiens is independently developed only in reptiles 
and birds. It is absent in the mammals Gadow (1891, p. 148). 

Comparison.—This is one of the five “formula muscles” of Garrod. Its 
occurrence is as follows. 


Absent Present 
Colymbus Gavia 
Ardea Sula 
Butorides Fregata 

ubo ~hen 
Otus Cathartes 
Chordeiles Buteo 
Chaetura Falco 
Colaptes Pedioecetes 
Dryobates Colinus 
Tyrannus Grus 
Corvus Fulica 

Totanus 
Larus 
Uria 
Zenaidura 
Coccvzus 


In Gavia the ambiens shows a very peculiar development: it is extremely 
broad and flat and arises tendinous from the Spina pubica and fleshy from 
the ventral edge of the pubis for a distance of about 20 mm. behind this. 
After passing beneath the broad sartorius muscle it narrows into a strong 
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tendon which passes abruptly toward the outside through a partly ossified 
loop on the postero-inner edge of the tibia, a little in front of the articula- 
tion with the femur. It passes laterally to the tendon of insertion of the 
Il. tib. 

In Chen the origin is quite similar to that in Gavia. The origin is also 
partly fleshy in Colinus, Grus, Fulica, and Totanus. 

Falco differs from all other forms studied in that the tendon of insertion 
passes laterally to the tendon of the Bic. fem. 

This muscle is very strongly developed in Fulica, continuing fleshy almost 
to the knee. It is peculiar in showing a definite longitudinal division of the 
belly into two parts. This is especially evident on the medial surface. It is 
interesting to note that another member of the Rallidae, Porzana carolina, 
shows this condition also. 

In Colinus the belly is very short and broad, extending only about half- 
way down the thigh. 

The ambiens is present in Uria but is very weakly developed. Garrod 
(1874, p. 117) indicates that it is present in no genus of Alcidae. Gadow 
(1891, p. 146) also states that this muscle is completely missing in the 
Alcidae; however, on Plate XXV, which gives a synopsis of the presence and 
absence of Garrod’s formula muscles in the various bird groups, he indicates 
Uria as having the ambiens muscle present. Nevertheless, in volume two of 
his work (Systematischer Theil) nothing is said about Uria having this 
muscle. Systematists have apparently overlooked Gadow’s treatment of Uria 
(on Plate XXV) for Ridgway (1919, p. 701), in speaking of the Suborder 
Alcae, states that the ambiens is always absent. 

This muscle is extremely small in Uria and might easily be overlooked. 
The minute tendon disappears on the fascia covering the inner side of the 
knee region. It does not pass the knee joint. 

No important differences were noted in the mode of insertion of this 
muscle in the other birds examined. 


M. sartorius (Sar.) 


Sartorius—Shufeldt (1890, p. 156) 
M. ilio-tibialis internus s. sartorius—Gadow (1891, p. 149) 

Description (for the crow and raven).—This is the most anterior of the 
thigh muscles. It originates fleshy from the antero-dorsal border of the 
ilium (Figs. 1, 8), and from the spinous process of the last free dorsal 
vertebra. The long strap-like belly extends downward to the antero-inner 
border of the knee region (Figs. 6, 18-22). Here it forms a half-tendinous 
insertion on a very narrow line on the antero-inner border of the proximal 
end of the tibial head (Fig. 12). In addition it inserts on the antero-inner 
side of the patellar tendon, as well as to a limited extent on the fascia 
covering the anterior side of the knee region. 

Throughout most of its extent the M. sartorius is rather intimately con- 
nected with the anterior edge of the II. tib. 

Action.—Pulls the thigh forward and upward, at the same time extending 


the shank. 
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Homology.—Gadow (1891, p. 150) states that the M. ilio-tibialis internus 
corresponds to the M .sartorius of mammals. 

Comparison.—The sartorius is present in all the birds examined and is 
subject to no great modifications. In most forms it inserts mainly on the 
medial edge of the patellar tendon, and also to a limited extent on the Caput 
tibiae. The origin is far more variable than the insertion. In the following 
the sartorius is throughout very similar to that in the crow: Zenaidura, Coc- 
cyzus, Chordeiles, Chaetura, Tyrannus. Gavia, Colaptes, and Dryobates differ 
in that the origin extends much farther back along the ventral edge of the 
ilium, the muscle being consequently much broader than usual. Larus and 
Totanus are similar to the crow except that the insertion is mostly on the 
patellar tendon. 

The origin is exclusively from the ventral edge of the ilium in Bubo and 
Otus. It is from the anterior edge of the ilium only in Fregata, Pedioecetes, 
Colinus, Grus, Buteo, and Falco. In the following it is from the posterior 
dorsal vertebrae and the antero-dorsal edge of the ilium: Ardea, Butorides, 
Chen, Fulica, and Uria. The origin in Sula is from the dorsal crest of the 
synsacrum only. 

The insertion is very peculiar in Gavia and Colymbus, being directly on 
the bone on the inner side of the proximal end of the tibia. The area of 
attachment is very sharply delimited. 


M. ILIo-TIBIALIs (II. tib.) 
Gluteus primus—Shufeldt (1890, p. 158). 
M. ilio-tibialis—Gadow (1891, p. 151) 

Description (for the crow and raven).—The II. tib. is the most super- 
ficial muscle of the thigh. It is broad and triangular, and covers several of 
the deeper muscles of this region (Figs. 1, 18-22). The origin is from a long 
but very narrow line on the dorso-lateral ridge of the ilium, extending from 
the M. sartorius in front to the M. semitendinosus behind (Fig. 8). This 
origin is aponeurotic, except for the extreme posterior portion which is partly 
fleshy. Along its anterior margin this muscle is rather intimately connected 
with the sartorius and the middle region is strongly fused with the underlying 
Fem. tib. Distally this muscle contributes, together with the Fem. tib., to 
the formation of the patellar tendon, which encloses the sesamoid and passes 
farther downward to insert on a long but very narrow line on the proximal 
end of the anterior crest of the head of the tibia. (Fig. 12). 

Although in the crow and raven the II. tib. forms a single and undivided 
sheet, there are three clearly discernible regions, at least on the distal half. 
These are: (1) an anterior fleshy part, probably corresponding to Gadow’s 
(1891, p. 152) Il. tib. ant.; (2) a middle mostly aponeurotic portion repre- 
senting, probably, the II. tib. med. or tensor fasciae; and, (3) a posterior 
fleshy portion representing, no doubt, the II. tib. post. or gluteus posterior. 

Action.—Aids the Fem. tib. in extending the shank. The posterior part 
also probably tends to draw the leg away from the body. 


Homology.—According to Gadow (1891, p. 209) the II. tib. ant. has no 
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homologue in man, but the II. tib. med. corresponds to the M. tensor fasciae 
latae, and the Il. tib. post. to the M. glutaeus maximus. These latter names 
should, therefore, be used for the subdivisions to which they apply; however, 
it seems best to retain the name M. ilio-tibialis for the combined muscle in 


birds. 


Comparison.—The ilio-tibialis is present in all forms studied but varies 
greatly in structure in the different taxonomic groups. In the following it 
closely resembles the condition in the crow: Butorides, Pedioecetes, Colinus, 
Grus, Fulica, Totanus, Zenaidura. In Ardea, Chen, and Larus it differs in 


overlapping much less of the biceps femoris at the proximal end. 


The middle portion of this muscle is aponeurotic for the entire length in 
Coccyzus, Colaptes, and Dryobates; as a result the fleshy anterior and pos- 
terior portions are not contiguous at any point. 


The origin is from the acetabular and pre-acetabular ilium in Buteo, Falco, 
Bubo, and Otus, the muscle overlapping no part of the Bic. fem. although 
the tendons of origin of the two are firmly fused proximally. In these birds 
the origin is from both the dorsal and anteroventral portions of the ilium. 
This ventral connection is tendinous in the hawks and fleshy in the owls. In 
Sula and Uria also the II. tib. is confined to the acetabular and pre-acetabular 
ilium, but overlaps the front edge of the biceps. 


Only the posterior portion is fleshy in Chordeiles and the rest of the 
muscle, if present at all, is represented only by a thin fascia-like sheet. 


In the families Tyrannidae and Hirundinidae the post-acetabular portion 
of the II. tib. is absent. This is true in spite of the fact that Garrod (1873, 
p- 630) states that the post-acetabular portion of this muscle (called tensor 
fasciae by him) is present in the Passeres (Passeriformes). Gadow (1891, 
p. 153) indicates the same thing. Apparently the absence of the post- 
acetabular portion in the Tyrannidae and Hirundinidae has never before been 
reported. All the other families of Passeriformes examined have the II. tib. 
developed about as in the crow (with the post-acetabular portion well de- 
veloped. 

Species of Passeriformes examined: 


Post-acetabular 
portion absent— Tyrannidae— Sayornis phoebe. 
“mpidonax virescens. 
Mviarchus crinitus. 
Tyrannus tyrannus. 
Hirundinidae— Stelgidopteryx ruficollis serripennis. 
Petrochelidon albifrons. 
Post-acetabular 


portion present— §Alaudidae— Otocoris alpestris. 

Corvidae— Corvus brachyrhynchos. 
Corvus corax sinuatus. 

Paridae— Baeolophus bicolor. 
Sittidae— Sitta carolinensis. 
Certhiidae— Certhia familiaris americana. 
Chamaeidae— Chamaea fasciata. 
Cinclidae— Cinclus mexicanus unicolor. 


Mimidae— Dumetella carolinensis. 
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Turdidae— Turdus migratorius. 
Sylviidae— Polioptila caerulea. 
Motacillidae— Anthus spinoletta rubescens. 
Bombycillidae— Bombycilla cedrorum. 
Laniidae— Lanius ludovicianus. 
Sturnidae— Sturnus vulgaris. 
Vireonidae— Vireo belli. 
Compsothlypidae— Dendroica aestiva. 
Ploceidae— Passer domesticus. 
Icteridae— Sturnella neglecta. 
Thraupidae— Piranga rubra. 
Fringillidae— Richmondena cardinalis. 


This tends to confirm the recent tendency of taxonomists to place the 
Hirundinidae very closely following the Tyrannidae. The ilio-tibialis should 
be studied throughout the great series of perching birds in order to determine 
its taxonomic significance. It is not impossible that it might prove to be as 
important as the modifications of the syringeal muscles which at present 
serve as the basis for dividing the order Passeriformes into two suborders. 


In Chaetura this muscle shows about the same condition as in Tyrannus, 
the post-acetabular portion being absent. 

In Fregata the ilio-tibialis is greatly reduced, being very narrow and aris- 
ing only from the acetabular ilium. Insertion is by a narrow fleshy ribbon on 
the femori-tibialis, about halfway down the thigh. 


This muscle is very broad and strong in Gavia, arising almost entirely 
fleshy from a long line on the dorsal ridge of the ilium beginning well behind 
the ischiadic foramen and extending forward onto the last two free dorsal 
vertebrae. 

In Colymbus it is divided into two fleshy portions which are widely sep- 
arated at the proximal end. These converge but do not meet distally. The 
anterior head is ribbon-shaped and arises from the antero-dorsal edge of the 
ilium and the last free dorsal vertebra. The posterior head is very broad and 
originates from the entire lateral ridge of the post-acetabular ilium. In the 
wide gap between them these two bellies are connected only by a thin sheet 
of fascia at the proximal end but by a stronger aponeurotic sheet distally. The 
anterior part inserts on the lateral side of the long patellar crest in company 
with the femori-tibialis. The posterior part inserts partly on the patella but 
mostly on the perforating flexor muscles. 


M. FEMORI-TIBIALIS (Fem. tib.) 


Description (for the crow and raven).—Under the head of M. femori- 
tibialis Gadow (1891, p. 155) places all those muscles which arise from the 
femur and, with or without the intervention of the patella, insert on the 
Caput tibiae. Three such muscles generally occur in birds and all are more 
or less clearly defined in the crow and raven. In these two birds the outer 
subdivisions are very intimately grown together, and are inseparable through- 
out most of their extent. Shufeldt (1890, p. 169) called these two fused 
muscles the extensor femoris; the outer he called the vastus externus and the 
inner the cruraeus. The third or medial head of the Fem. tib. he considered 
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separately as the vastus internus. In the following account the terminology 
of Gadow for the three parts of this muscle will be used. 


I. M. femori-tibialis externus (Fem. tib. ext.) 

This is the vastus externus of Shufeldt. It arises fleshy from a large 
area on the outer and anterior aspect of the femur, all the way from the 
trochanter to the external condyle (Figs. 2, 8, 18-22). Distally its fibers con- 
tribute to the formation of the patellar tendon. 


II. M. femori-tibialis medius (Fem. tib. med.). 


This is the cruraeus of Shufeldt. It arises from the anterior aspect of the 
femur (Figs. 2, 11, 18-22), and on its external side is completely fused with 
the more laterally situated Fem. tib. ext. For this reason the two muscles 
have been labeled together in the figures as Fem. tib. ext. -+ med. Proximally 
the heads of these two muscles are quite narrow and are separated by the in- 
sertions of the II. troc. ant. and the II. troc. med. The insertions are less 
clearly separated, both contributing to the formation of the patellar tendon, 
which runs over the anterior border of the knee and inserts on the anterior 
crest of the tibial head; however, the bulk of the fibers of the larger Fem. tib. 
med. insert fleshy on the entire proximal end of the patella. (Fig. 7). 

These two combined muscles are concealed laterally by the II. tib., and 
medio-distally by the sartorius. 


III. M. femori-tibialis internus (Fem. tib. int.) 


This is the vastus internus of Shufeldt (1890, p. 172). It originates 
fleshy from a long, narrow and slightly oblique line on the medial side of 
the femoral shaft (Figs. 6, 18-22). This attachment extends in the crow 
from a point slightly beyond the insertion of the M. iliacus to the internal 
condyle (Fig. 9). In the raven it reaches up a little above the iliacus. Dis- 
tally the muscle gives off a short strong tendon which inserts on the middle 
of the interno-proximal side of the head of the tibia, adjacent to the origin of 
the internal head of the M. gastrocnemius (Fig. 9). This muscle occurs 
superficially on the inner aspect of the thigh. Near the distal end it shows 
a rather definite indication of a division into a medial and a lateral portion. 


Action.—The Fem. tib. ext. + med. make up the great extensor of the 
shank, although they are aided in this respect by the II. tib. The Fem. tib. 
int. appears to rotate the head of the tibia inward. 

Homology.—According to Gadow (1891, p. 157) the entire M. femori- 
tibialis corresponds for the largest part to the extensor cruris quadriceps of 
mammals, but also contains the cruralis, both vasti, and perhaps also a part 
of the rectus femoris. Inasmuch as this is not a clear-cut case of homology, 
it appears advisable to use the terminology of Gadow instead of trying to 
adopt BNA names for these muscles. 

Comparison.—The Fem. tib. ext. is independently developed in the follow- 
ing forms: Ardea, Grus, Fulica, Totanus (Fig. 49), Larus, and Zenaidura. 
It arises from the posterior and lateral surfaces of the distal half (three- 
fourths in Fulica) of the femoral shaft and inserts on the lateral side of the 
anterior tibial crest. Superficially it is almost completely covered by the Fem 
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ology tib. med. and II. tib. Gadow (1891, p. 155) states that in sea-gulls the outer 
and middle portions of the femori-tibialis are grown together. They are quite 
distinct in Larus pipixcan. 


large In Gavia, Fregata, Pedioecetes, Colinus, and Corvus the Fem tib. ext. 
1 the reaches so far proximally as to separate the insertion of the II. troc. ant. from 
con- that of the Isch. fem. 


The femori-tibialis internus shows a very definite longitudinal division 
into two parts in Buteo (Fig. 67). Many other forms show a slight division 
f the as in Corvus. 


with In the following the Fem. tib. int. reaches proximally as far as or above the 
scles insertion of the iliacus: Gavia, Colymbus, Sula, Chen, Cathartes, Buteo, Grus, 
rally Fulica, Totanus, Larus, Uria, Zenaidura, Chordeiles, Chaetura, Colaptes, 
> in- Dryobates, Corvus corax sinuatus. Gadow (1891, p. 156) says that in Grus 
-_ the origin is limited to the distal half of the femur. This is wrong as far as 


Grus canadensis is concerned. 


In Fregata, Falco, and Coccyzus the internal part is unusually short, espe- 
cially in the first two, where it is limited to about the distal two-thirds of the 
sad femur. Fregata is peculiar in having the tendon of insertion bifurcated, one 
branch connecting with the patellar tendon, the other with the tibia. 


The Fem. tib. ext. and med. insert fleshy together on the entire posterior 
surface of the long procnemial spine of the tibia in Gavia. In Colymbus they 
al insert on the proximal surface of the long patella and on the medial side of 
the tibial spine. 


‘ow 
M. piriForMis (Pirif.) 
ile Femoro-caudal—Shufeldt (1890, p. 183). 
M. caud-ilio-femoralis—Gadow (1891, p. 158). 
of Description (for the crow and raven).—Only the Pars caudi-femoralis is 
09 represented in the present subjects. It is a long, compressed and spindle- 
2s shaped muscle, passing from the base of the coccyx to the lateral side of the 
‘ femur (Figs. 3, 8). From its origin on the latero-ventral aspect of the ventral 
ne apex of the coccyx, the piriformis sends forward a slender tendon which is 
b. covered laterally by the abdominal muscles. This tendon quickly changes 
over into a fleshy belly, which enters the musculature of the thigh between 
1 the semitendinosus and semimembranosus (Fig. 19), and passes on forward 
of (covered laterally by the Bic. fem.) to the postero-outer side of the end of 
t the proximal third of the femoral shaft, where it changes into a short, com- 
/, pressed tendon (Fig. 3). Shortly before the insertion it is crossed externally 
O by the large ischiadic nerve and artery, and farther forward and medially by 


the femoral vein. 

There is a difference of opinion as to which end of the muscle constitutes 
the origin. Burt (1930, p. 502) considers the femoral attachment as the 
origin. Gadow based his interpretation of this question on the fact that the 
caudal attachment is on the vertebral column. 

Action.—Both ends of the muscle are attached to movable bones; hence, 
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by its contraction the femur tends to move backward and the tail laterally 
and downward. 

Homology.—According to Gadow (1891, p. 162) the M. caud-ilio-femor- 
alis corresponds to the M. pyriformis (piriformis of the BNA) of mammals. 

Comparison.—This double muscle was used by Garrod in his myological 
formula. The Pars caudi-femoralis is indicated by the letter “A” and the 
Pars ilio-femoralis by “B.” One or the other or both are present in all forms 
examined. 


Both present (AB) P. il. fem. absent (A present) 
Gavia Fregata Otus 
Chen Sula Coccyzus 
Pedioecetes Ardea Chordeiles 
Colinus Cathartes Chaetura 
Grus Buteo Colaptes 
Fulica Falco Drvobates 
Uria Totanus Tyrannus 
Zenaidura Larus Corvus 

Bubo 


The P. caud. fem. was found to be absent in Colymbus only. 


In most forms the P. caud. fem. arises by a tendon very much as in 
Corvus, but in Colinus (Fig. 64) and Zenaidura the origin is rather thick 
and fleshy. In all species studied the P. caud. fem. arises only from the 
ventral surface of the coccyx. Gadow (1891, p. 159) is therefore wrong 
when he gives the origin as coming from the transverse processes of several 
caudal vertebrae in Carinates. 


In Grus the two parts are independent throughout, but in most forms 
possessing both they unite shortly before inserting on the femur. The P. 
caud. fem. usually inserts about one-third the way down the femur; however, 
in Fregata, Chen, Buteo, Uria, and Chaetura the attachment is about midway 
the femur. In Chen it extends well below the middle. On the other hand 
the insertion is far up on the femur in Pedioecetes, being opposite the inser- 
tion of the II. troc. ant. Fregata, Sula, and Chaetura have this tendon of 
insertion very long and slender. 


The P. il. fem. (Fig. 64) usually arises from the postero-lateral side of 
the ilium and ischium. In Uria the origin is only from the ischium; from 
the ilium only in Colymbus, Grus, and Zenaidura, the origin in the first two 
being from about the middle of the lateral ridge of the post-acetabular ilium. 

The piriformis is very weakly developed in Fregata, Ardea, Grus, Larus, 
Bubo, and Otus. 


M. sSEMITENDINOSUS (Semit.) 
Semitendinosus—Shufeldt (1890, p. 177) 
M. caud-ilio-flexorius—Gadow (1891, p. 162). 
Description (for the crow and raven).—This muscle arises partly fleshy 
from about the posterior fifth of the post-acetabular ridge of the ilium (Figs. 
1, 2, 8, 18-22); and, posterior to this it continues as a thin fascia which con- 
nects with the transverse processes of several proximal caudal vertebrae. This 
aponeurotic fascia separates the intrinsic muscles of the tail into a dorsal and 
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a ventral group, and, besides the caudal attachment, it also connects with the 
posterior border of the ilium. This fascia has not been shown in the figures 
because its exact extent is very difficult to determine, especially posteriorly 
where it blends with the musculature of the tail and abdominal wall. 

From its origin the band-shaped belly passes downward along the postero- 
lateral margin of the thigh to the posterior side of the knee region, where it 
is divided by a fibrous ligament. Beyond this ligament the fleshy belly con- 
tinues forward as the accessorius semitendinosi, to insert on the posterior side 
of the femur just above the condyles (Fig. 14). The ligament which divides 
the muscle into two parts passes downward from the posterior angle of the 
muscle to insert on the proximal part of the M. gastrocnemius, especially on 
the Pars media. Besides this it makes a strong connection with the tendon 
of the semimembranosus. 

Shufeldt (1890, p. 179) discussed the accessory semitendinosus as a sep- 
arate muscle, and described it as arising from the femur and inserting on the 
tendinous raphe between this muscle and the semitendinosus proper. Burt 
(1930, p. 502) followed Shufeldt in this. Gadow (1891, p. 163) gives a 
rather extended discussion of why the so-called “accessorius” should be con- 
sidered as a femoral insertion of the semitendinosus, and not as a second head 
of origin. 

Action.—Pulls the femur posteriorly, at the same time flexing the shank 
somewhat. 

Homology.—Gadow (1891, p. 166) states that the M. caud-ilio-flexorius 
corresponds to the M. semitendinosus of mammals. 

Comparison.—This usually double muscle is also included in Garrod’s 
myological formula. The semitendinosus proper is designated as “X” and the 
accessorius as “Y.” 


Both Parts present Accessorius absent Both absent 
Ardea Totanus Gavia Fregata 
Butorides Larus Colymbus Buteo 
Cathartes Coccyzus Sula Falco 
Pedioecetes Chordeiles Chen Chaetura 
Colinus Colaptes Uria Bubo 
Grus Tyrannus Drvobates Otus 
Fulica Corvus 
Zenaidura 


In most cases the semitendinosus arises from the posterior edge of the 
ilium and also from the proximal caudal vertebrae; however, in Gavia, Colym- 
bus, Grus, and Fulica there is no connection with the vertebrae. In Gavia, 
Sula, and Uria, the pelvic attachment extends downward onto the ischium. 
The origin is mainly from the ischium in Cathartes. 

Shortly before its insertion this muscle is commonly connected with the 
P. med M. gas., but in the following no such connection exists: Gavia, Co- 
lymbus, Sula, Uria, Chen, and Dryobates. 

Ordinarily the tendon of insertion of the semitendinosus is intimately 
connected with that of the semimembranosus. In Colymbus and Dryobates 
this muscle is independent throughout its course. In Chen on the other 
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hand the two insert by a single common tendon. The tendon of insertion 
is usually wide but in Gavia it is very long and slender. Colymbus is some- 
what similar. 


In Larus Gadow (1891, p. 163) considers that the accessorius forms a 
direct continuation of the P. med M. gas., thus making it appear that the 
semitendinosus inserts directly on the middle head of the gastrocnemius. 
However, in Larus pipixcan this is not the case for the middle head of the 
gastrocnemius is plainly discernible and has no unusual connection with the 
accessorius. 


M. SEMIMEMBRANOSUS (Semim.) 


Semimembranosus—Shufeldt (1890, p. 180) 
M. ischio-flexorius—Gadow (1891, p. 166) 

Description (for the crow and raven).—This band-shaped muscle makes 
up the postero-inner border of the thigh musculature (Figs. 3, 6, 18-22). It 
arises fleshy from the posterior edge of the ischium (Fig. 8), and also to a 
slight extent from the abdominal muscles posterior to this. From this point 
it passes downward to the posterior side of the knee region, where it enters 
the musculature of the shank between the inner and middle heads of the M. 
gastrocnemius, and inserts by a wide but very thin tendon on the inner side 
of the tibial shaft (Fig. 9). Just proximal to the insertion there is a rather 
intimate fibrous connection with the tendon of the semitendinosus. 


Action.—Flexion of the shank. 


Homology.—According to Gadow (1891, p. 168) the M. ischio-flexorius 
of birds corresponds to the M. semimembranosus of mammals. 


Comparison.—This is one of the most uniform of the thigh muscles and 
is present in all except Colymbus. In most cases the origin is from the 
postero-lateral surface of the ischium and the adjacent pubis; confined to the 
ischium in Ardea, Fulica, Larus, Colaptes, Tyrannus, and Corvus. It is 
located far forward in Gavia and Chen, being from the mid-ventral part of 
the ischium. In the former it extends forward almost to the posterior edge 
of the ischiadic foramen. 

Usually the tendon of insertion is more or less intimately connected with 
that of the semitendinosus. In Chen the two insert by a common tendon. 
In Colaptes and Dryobates the insertions are not opposite as is ordinarily the 
case but the Semim. inserts distally to the Semit. In Grus, Fulica, Pedioe- 
cetes, and Colinus the Semim. is connected by heavy fascia to the acces- 
sorius and also to the middle and inner heads of the gastrocnemius. 

The muscle is weakly developed in Sula and Colinus. 


Falco shows a peculiar development of this muscle. It is made up of two 
distinct parts which originate and insert together (Figs. 46, 65). 

In the specimen of Colymbus available no trace could be found of the 
Semim. Gadow (1891, p. 167) states that this muscle is probably present 
in all birds although at times very much reduced as in Podiceps, etc. Garrod 
(1873, p. 629) states that it may sometimes be absent in grebes as claimed 


by Sundevall. 
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M. BICEPS FEMORIS (Bic. fem.) 


Biceps flexor cruris--Shufeldt (1890, p. 174). 
M. ilio-fibularis—Gadow (1891, p. 168). 

Description (for the crow and raven).—This large triangular muscle 
arises from a long narrow line on the dorso-lateral ridge of the hinder part 
of the ilium, just below the line of origin of the Il. tib. (Figs. 1, 2, 8). The 
anterior part of this origin is by a thin aponeurotic tendon which overlaps 
the posterior part of the II. troc. post. The posterior part of the origin of 
the Bic. fem. is quite fleshy and is attached to a much wider line on the 
ilium. From its origin the muscle passes downward as a wide but rather thin 
fleshy sheet (Figs. 18-22). Its fibers converge toward the posterior side of the 
knee region, where the muscle passes through a tendinous loop in company 
with one of the main branches of the ischiadic nerve. Insertion is by a strong 
tendon on a slight tubercle on the postero-outer side of the shaft of the fibula, 
about midway the point where this bone is fused with the tibia (Figs. 8, 23). 

The above mentioned tendinous loop is connected with the outer aspect 
of the external condyle of the femur by both of its principal arms, which are 
directed forward and upward (Fig. 3). The more distal of these is closely 
fused on its outer side with the tendon of origin of the external head of the 
M. gastrocnemius. In addition to these two there is a third arm to the loop. 
This connects the posterior part of the more distal femoral arm with the 
strong tendon which gives origin to the external head of the F. hal. |. and to 
several of the perforated flexors. This third arm is covered laterally by the 
belly of the F. p. et p. d. II. Shufeldt (1890) does not mention this third 


arm to the biceps loop; however, it is well developed in the raven. 


Laterally the Bic. fem. is covered only in part by the hinder portion of 
the II. tib. 


Action.—This muscle is the powerful flexor of the shank. 


Homology.—Gadow (1891, p. 170) states that the M. ilio-fibularis repre- 
sents the M. biceps cruris of mammals, and perhaps also a portion of the M. 
gluteus maximus. According to the BNA, M. biceps femoris is the name 
that should be applied to this muscle. 


Comparison.—The biceps is one of the most uniform muscles and is 
present in all forms examined. The slight variations are mainly concerned 
with the origin which usually extends tendinous in front of the femur very 
much as in the crow. In the following it is restricted to the acetabular and 
post-acetabular ilium: Gavia, Colymbus, Chen, Buteo, Falco, Coccyzus, Bubo, 
Otus, Colaptes, and Dryobates. 

As a rule the biceps is more or less concealed superficially by the posterior 
portion of the II. tib. In the following, however, it is entirely visible super- 
ficially: Fregata, Buteo, Falco, Chaetura, Bubo, Otus, Tyrannidae, and Hir- 
undinidae. In such cases the proximal portion of the muscle is usually fused 
anteriorly with the posterior margin of the II. tib. 


The origin in Colymbus is from the middle region of the post-acetabular 
ridge of the ilium, and the muscle is completely concealed by the II. tib. 
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In Chen the origin is from about the anterior half of the post-acetabular ilium. 


In every case the biceps loop consists of the three tendinous arms very 
much as in the crow. The two femoral arms are very long in Gavia and 
Colymbus since the biceps inserts just a little above the middle of the shank. 


M. ISCHIO-FEMORALIS (Isch. fem.) 


Obturator externus—Shufeldt (1890, p. 186). 
M. ischio-femoralis—Gadow (1891, p. 170). 

Description (for the crow and raven).—This muscle is quite short and 
bulky (Figs. 3, 18). It originates fleshy from the greater part of the lateral 
surface of the ischium lying between the ischiadic foramen, the Foramen ob- 
longum (Gadow, 1891, p. 78), and the lateral iliac ridge (Fig. 8). At the 
posterior rim of the ischiadic foramen this muscle also overlaps a little into 
the inside of the pelvis (Figs. 6, 9). From the point of origin it extends 
forward to the outer side of the trochanter, where the fibers converge into a 
short flat tendon before inserting just behind the proximal end of the Fem. 
tib. ext. Laterally the Isch. fem. is covered largely by the Bic. fem. and the 
pitiformis. Shortly before its insertion on the femur the muscle is crossed 
externally by the large ischiadic nerve and artery. 


Action—Draws the femur backward, at the same time rotating it in 
this direction. 


Homology.—Gadow (1891, p. 171) states that the M. ischio-femoralis 
seems to correspond to the M. quadratus femoris and perhaps also to the 
gemelli of mammals. Because of this uncertainty it seems advisable to retain 
the name used by Gadow instead of trying to apply a BNA name of doubtful 
homology. 


Comparison.—The Isch fem. is extremely uniform throughout the series 
of birds examined, showing practically no modifications worth mentioning. 
In Corvus and many others the origin extends to the hinder margin of the 
ischium but in Gavia, Chen, and Pedioecetes it is limited to about the an- 
terior half. 


M. OBTURATOR INTERNUS (Obt. int.) 


Obturator internus—Shufeldt (1890, p. 190). 
M. obturator—Gadow (1891, p. 171). 
Description (for the crow and raven).—This is a flat triangular muscle 
which lies on the inside of the pelvis (Fig. 6), separated from the viscera 
only by the peritoneal membrane. Anteriorly its fibers converge into a strong 
tendon which passes to the outside through the obturator foramen. This 
muscle arises from a large area on the medial surface of the ischium, and also 
from the dorsal half of the medial surface of the pubis bounding the Foramen 
oblongum (Fig. 9). I have been unable to demonstrate that this muscle also 
arises from the Ischio-pubic membrane as claimed by Shufeldt (1890, p. 191). 
After passing through the obturator foramen the tendon goes to the 
postero-outer side of the trochanter, where it inserts in common with the 
M. obturator externus (Figs. 4, 14). The latter muscle is strongly attached 
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by fleshy fibers to the medial surface of the tendon of the Obt. int. Laterally 
the tendon of this muscle is largely covered by that of the Isch. fem. 


Action.—The two obturator muscles work together in rotating the femur 
backward and inward. 


Homology.—According to Gadow (1891, p. 173) the M. obturator of 


birds corresponds to the M. obturator internus of mammals. The latter name 
should, of course, be used. 


Comparison.—The Obt. int. is present in all species studied and is sub- 
ject to comparatively little modification in the various groups of birds. Usually 
the belly is broad and more or less rounded as in the crow, but in the follow- 
ing it is long and slender: Gavia, Colymbus, Fregata, Sula, Larus, Totanus, 
Uria, Zenaidura, Chordeiles, Chaetura. In these the origin is limited mainly 
to the edges of the Foramen oblongum. 


In Fulica, Porzana carolina, and Colinus the muscle is very peculiar in 
having at the anterior edge of the belly a lateral extension which arises from 
the ventral surface of the latero-posterior portion of the ilium. This part of 
the Obt. int. is visible externally through the F. isch., passing across the pos- 
terior half of this opening. Fulica and Porzana differ from Colinus in having 
the smaller anterior part which arises from the ilium differentiated as a more 
or less separate muscle. The two parts form separate tendons which pass 
together through the obturator foramen, uniting incompletely before inserting 
on the femur. 


In many forms the carneous portion of the muscle passes out through the 
obturator foramen along with the tendon, continuing in some cases quite to 
the insertion. This is especially evident in Sula, Colinus, Grus, Totanus, and 
Coccyzus. 


As a tule the tendon of insertion is more or less closely connected with 
the Obt. ext. but in Totanus the two are independent. 


M. OBTURATOR EXTERNUS (Obt. ext.) 


Gemellus—Shufeldt (1890, p. 194). 
Mm. accessorii M. obturatorii—Gadow (1891, p. 173). 

Description (for the crow and raven).—This small muscle is fleshy 
throughout and arises by two distinct heads (Fig. 4). The smaller of these 
originates from a small area on about the middle of the ventral border of the 
ischiadic foramen. The larger head originates more anteriorly from the point 
of fusion of the ischium and pubis which lies between the acetabulum and the 
ischiadic and obturator foramina (Fig. 8). The fibers of these two heads 
unite before inserting on the posterior side of the trochanter, just medial to 
the insertion of the Obt. int. (Fig. 14). In addition numerous fibers insert 
on the medial side of the tendon of the latter muscle. The Obt. ext. is 
brought into view upon the removal of the Isch. fem., although it is then 
still partly covered by the tendon of the Obt. int. 


Action.—Aids the Obt. int. in rotating the femur backward and inward. 
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Homology.—According to Gadow (1891, p. 174) the Mm. accessorsi M. 


obturatoris is comparable to the M. obturator externus of mammals. 


Comparison.—The Obt. ext. is present in all birds studied. Usually it 
consists of a single belly but in some there are two separate parts; however. 
this is rather difficult to determine satisfactorily without an abundance of 
duplicate specimens since this short deeply-buried muscle is hard to expose 
without removing all the other muscles of this region. 

It consists of two quite distinct parts in Grus, Fulica, Larus, Uria, Tyran- 
nus, and Corvus. In Tyrannus and Corvus the smaller posterior head arises 
from about the middle of the ventral border of the F. isch. In the others 
this arises from the edges of the F. obt. and inserts mainly on the tendon 
of the Obt. int. Gadow (1891, p. 174) indicates that this muscle is un- 
divided in Passeres. 


M. ADDUCTOR LONGUS ET BREVIS (Add. long.) 


Adductor longus and Adductor magnus—Shufeldt (1890, pp. 194-199). 
M. pub.-ischio-femoralis—Gadow (1891, p. 174). 

Description (for the crow and raven).—This is a large muscle and is the 
most medial of all the thigh muscles lying posterior to the femur (Figs. 4, 
6, 18-22). It is divided lengthwise into two very distinct parts which will be 
discussed separately. 

Pars anterior—Arises from a narrow line extending from the posterior 
margin of the obturator foramen, backward on the ischium along the antero- 
dorsal border of the Foramen oblongum (Fig. 8). From here the wide flat 
belly extends downward and forward to the postero-inner side of the femoral 
shaft where it inserts on a large area (Fig. 14). This insertion is bounded 
laterally by the Fem. tib. ext., medially by the Fem. tib int., and distally by 
the insertion of the accessorius semitendinosi. The Pars anterior is fleshy 


almost throughout. This is the Adductor longus of Shufeldt. 


Pars posterior.—Arises partly tendinous from a narrow line on the lateral 
surface of the ischium, directly behind the origin of the Pars anterior. This 
attachment extends along the dorsal border of the Foramen oblongum to a 
point about opposite the posterior end of the Isch. fem. (Fig. 8). The strong 
belly extends forward and downward parallel to the Pars anterior. At the 
postero-inner side of the knee region the muscle gradually converges toward 
its insertion on the postero-inner surface of the proximal end of the internal 
condyle of the femur (Fig. 9). This is the Adductor magnus of Shufeldt. 

The two parts of the M. adductor longus et brevis, although easily sep- 
arable, are quite intimately connected at their point of contact. 

Action.—A powerful flexor of the thigh. 

Homology.—Gadow (1891, p. 176) states that the M. pub.-ischio- 
femoralis is to be compared with the M. adductor longus and perhaps also 
with the adductor brevis of mammals. 


Comparison.—This muscle is present in all forms examined. Typically it 
consists of two layers, a Pars interna and a Pars externa (Figs. 46-49). The 
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entire muscle may be fleshy, or either one or both parts may b> tendinous 
at the origin. In addition the P. int. may have a tendinous insertion but that 
of the P. ext. is always fleshy. These two parts are more or less completely 
fused and the muscle appears to be a single layer in Gavia, Larus, Uria, 
Zenaidura, Chaetura, Colaptes, and Dryobates. The muscle is almost com- 
pletely fleshy in Gavia, Fregata, Sula, Grus, and Uria. The P. int. inserts 
mainly as a thin aponeurotic sheet in Colymbus, Chen, Cathartes, Buteo, 
Falco, and Fulica. In most cases the P. ext. is the larger of the two but in 
Fregata and Pedioecetes it is much smaller, being rather narrow and only 
about one-fifth the bulk of the inner part. 

The origin is usually from the ventral edge of the ischium and the ad- 
jacent pubis, that of the P. ext. being just above that of the P. int. In Coc- 
cyzus and Chordeiles the muscle is rather weakly developed and the origin 
is limited to about the front half of the ischium. The origin in Chaetura is 
from the ventral edge of the pubis only. 


The insertion is usually on a long line down the posterior surface of the 
femur. In Uria it extends along the posterior side of almost the entire 
femora! shaft. Gavia is very peculiar in having the insertion by a rather 
narrow tendon on the medial surface of the internal condyle only. 


In almost all forms the distal end of the P. int. is more or less firmly 
fused with the P. med. M. gas. However, in Coccyzus and Chordeiles there 


is little or no connection between the two. 


It is difficult to homologize between the P. post. and the P. ant. of this 
muscle in Tyrannus and Corvus and the inner and outer portions in other 
forms. Since the P. post. in these two genera connects distally with the 
P. med M. gas., it is probable that it represents the P. int. 


M. TIBIALIS ANTERIOR (Tib. ant.) 


Tibialis anticus—Shufeldt (1890, p. 211). 
M. tibialis anticus—Gadow (1891, p. 177). 

Description (for the crow and raven).—This powerful muscle lies on the 
anterior border of the shank and is largely covered by the more superficial 
Per. long. (Figs. 1, 2, 7). It originates by two distinct heads, the anterior 
of which arises fleshy from a rather narrow line on the anterior side of the 
tibial crest, adjacent to the proximal end of the Ext. dig. 1. (Figs. 11, 12). 
The attachment to the antero-external side of the tibial crest is much more 
extensive than that to the inner side (Figs. 8, 9). The posterior or fernoral 
head is much smaller than the foregoing, and arises from the distal apex of 
the external condyle as a strong tendon which passes distally between the 
head of the fibula and the lateral apex of the tibial crest. It soon becomes 
fleshy and fuses somewhat above the middle of the tibio-tarsus with the tibial 
head (Figs. 2, 23-32). From here the muscle gradually narrows, as it pro- 
ceeds downward, into a strong tendon which just above the malleoli passes 
under a fibrous loop in company with the Ext. dig. 1. This loop holds the 
muscles firmly in place. Below the loop the tendon passes between the 
malleoli, and widens out and again contracts before inserting on a tubercle 
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on the antero-internal aspect of the tarso-metatarsus, near the proximal end 
of that bone (Fig. 10). 


Action.—A powerful flexor of the tarso-metatarsus upon the shank. 
Homology.—This muscle corresponds to the M. tibialis anticus of mam- 


mals and reptiles Gadow (1891, p. 178). The BNA name for this is M. 
tibialis anterior. 

Comparison.—This very uniform muscle is present in all forms. Usually 
the femoral head is much the smaller but in Uria the two parts are about 
equal in size. In Gavia the femoral portion is very short, uniting far up with 
the main head. In Buteo and Falco the origin of the tibial head is unusually 
extensive, coming from the anterior tibial crest and also from a long line down 
the medial surface of the shaft of the tibia. 

In addition to the usual insertion there is given off in many forms a small 
but definite branch from the main tendon, which runs farther distad to insert 
in various ways. Such an extra tendon is found in Gavia, Colymbus, Fregata, 
Chen, Ardea, Buteo, Falco, Fulica, Totanus, Coccyzus, and Chordeiles. It 
was not found in the other forms studied. Falco even shows a still smaller 
third tendon (Fig. 54). In most cases the smail branch comes off of the 
main tendon just below the intertarsal joint and passes distad, widening out 
and inserting on the sides of the tarso-metatarsus, thus holding the tendon 
of the Ext. dig. I. in place very much as the tendon of the gastrocnemius 
ensheaths the flexor tendons on the posterior side of the tarsus. 

In Fregata the tendon of insertion gives off a strong lateral branch which, 
instead of becoming attached to the tarso-metatarsus, forms the head of origin 
of one part of the Ext. brev. d. IV. 

The insertion in Bubo and Otus is in the usual place but is by two distinct 
tendons, one anterior and the other posterior (Figs. 55, 63). These tendons 
seem to correspond to the anterior and posterior heads of origin, for the 
posterior tendon is smaller just as the femoral head of origin is smaller. 
This makes the whole muscle appear double, the two parts being fused only 


in the middle. 


M. EXTENSOR DIGITORUM LONGUS (Ext. dig. I.) 


Extensor longus digitorum—Shufeldt (1890, p. 215). 
M. extensor digitorum communis—Gadow (1891, p. 178). 
Description (for the crow and raven).—Arises fleshy from an extensive 
area on the antero-inner side of the proximal half of the tibio-tarsus (Fig. 12). 
I am unable to find a small second head of origin as described by Shufeldt 
(1890, p. 217). The slender pennate belly is divided lengthwise throughout its 
lower extent by a tendinous band which is continuous below with the tendon 
(Figs. 4, 6, 23-37). As the muscle proceeds downward from its origin it becomes 
gradually narrowed upon merging with the tendon, which is directed oblique- 
ly outward toward the center of the bone, and passes through the fibrous loop 
shortly above the malleoli in company with the Tib. ant. Just below this 
fibrous loop the Ext. dig. I. passes alone beneath a bony bridge which holds 
the tendon firmly against the tibio-tarsus. Below this bony bridge the ten- 
don is directed along the antero-medial border of the tarso-metatarsus by a 
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second bony bridge on the antero-inner side of that bone, near its proximal 
end (Fig. 10). From here the tendon passes, medial to the insertion of the 
Tib. ant., down the anterior side of the tarso-metatarsus, and just above the 
base of the fore toes divides into three tendons, one of which goes to each 
of the last three digits (Fig. 4). The insertions of these various branches 
are rather complex; hence they will be described separately. 


Index digit. The branch to the index digit passes down the anterior border 
of this toe, and about midway the proximal phalanx sends off a small outer 
branch which inserts upon the antero-outer border of the proximal end of the 
second phalanx. The inner branch becomes gradually broader as it proceeds 
distally to its insertion on the base of the unguinal phalanx (Figs. 4, 10, 
39, 40). 


Medius digit. This branch is the largest and lies directly between the 
other two. A little beyond the middle of the proximal phalanx the tendon 
bifurcates. The inner of these branches divides immediately into a short 
outer branch which encloses a small sesamoid and inserts on the proximal end 
of the second phalanx, and a slender inner branch which passes down the 
antero-medial border of the toe, and about midway the second phalanx be- 
comes fused laterally with the main median branch. A little beyond this it 
again becomes free and shortly before reaching the base of the bony claw 
unites in the antero-median line with the main outer branch. 

Shortly beyond the base of the second phalanx the initial lateral branch 
divides into a median branch and an outer branch. This large median branch 
inserts on the base of the third phalanx. 


The outer tendon sends off a short medial branch which inserts on the base 
of the third phalanx in common with the main median branch. This outer 
branch then continues distad to unite in the antero-median line with the most 
medial branch of all, as mentioned above. These two united branches then 
insert together on the base of the bony claw (Figs. 4, 10, 41, 42). 


Quadratus digit. At a point about opposite the middle of the second 
phalanx the tendon to the fourth toe divides into two branches. The inner 
of these soon divides into a short outer branch which inserts usually on the 
base of the third phalanx (but frequently on the distal end of the second 
phalanx), and a more slender inner one which inserts on the base of the 


fourth phalanx. 


The outer main branch proceeds distad and becomes gradually broader 
toward its insertion on the base of the unguinal phalanx (Figs. 4, 10, 43-45). 


From this it will be seen that the Ext. dig. 1. makes eight distinct points 
of attachment on the bases of the distal phalanges of the fore toes: two on 
the index, three on the medius, and three on the quadratus. The exact at- 
tachments of these tendons are subject to considerable variation in different 
individuals, but the discriptions given above probably represent about the 
average condition. 


In its upper fleshy portion the Ext. dig. |. is covered medially by the 
internal head of the gastrocnemius, and anteriorly and laterally by the Tib. ant. 
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Action.—This muscle is the great extensor of the fore toes. At the same 
time it tends to flex the tarso-metatarsus upon the shank. 


Homology.—Gadow (1891, p. 180) states that this muscle corresponds 
to the M. extensor digitorum pedis longus of mammals and reptiles. Accord- 


ing to the BNA it should be called the M. extensor digitorum longus. 


Comparison.—Present in all forms and subject to little modification except 
at the distal end. The origin is usually from the anterior surface of about 
the proximal half of the tibia, but in Gavia it extends about three-fourths the 
way down this bone. In Bubo and Otus this muscle arises in addition from 
the anterior surface of the fibula, from the Caput fibulae to about midway 


the shank. 


The loop or bridge under which the tendon passes just above the malleoli 
is bony in all except Bubo and Otus, in which it is fibrous. The second loop 
on the anterior side of the proximal end of the tarso-metatarsus is fibrous in 
all except the following in which it is bony: Fulica, Zenaidura, Chaetura, 
Bubo, Otus, Colaptes, Dryobates, Tyrannus, and Corvus. 


In most forms as in the crow the main tendon divides just above the base 
of the fore toes, sending branches to each of the last three digits. In Pedio- 
ecetes, Colinus, Bubo, and Otus the tendon divides much higher up, nearer the 
middle of the tarsus, into two branches. The inner branch passes to the 
index digit and the outer supplies the third and fourth. However, in Pedio- 
ecetes and Colinus the inner tendon supplies the inner side of the medius and 
also the index digit, the outer branch serving the outer side of the medius 
and the fourth. 


The exact mode of insertion on the fore toes is made in the most variable 
and confusing manner in the different bird groups. Nevertheless a few con- 
spicuous modifications can be pointed out. The simplest condition is found 
in Chaetura in which the tendons insert on the unguinal phalanges only. In 
Colaptes and Dryobates there is only one tendon to each toe. That to the 
index inserts only on the unguinal phalanx. The branch to the third toe 
sends off short side branches to the various phalanges, but the principal in- 
sertion is on the bony claw. The tendon to the fourth toe inserts only on the 
bony claw. Bubo and Otus agree with these woodpeckers in having only one 
main branch to each toe, but differ slightly in the exact method of insertion. 


In some birds there is only one tendon passing along the lateral side of 
the penultimate phalanx of the third digit. In others there are two, one on 
either side. The following is a synopsis of the forms that show clearly one 
condition or the other: 


One tendon Two tendons 
Sula Gavia 
Ardea Fregata 
Pedioecetes Cathartes 
Colinus Fulica 
Uria Zenaidura 
Chordeiles Coccyzus 
Tyrannus 


Corvus 
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In many the tendons of insertion are rather diffuse and vaguely defined, 
especially on certain digits. This is true of Colymbus, Grus, Larus, and 
Totanus. 


M. PERONAEUS LONGUS (Per. long.) 


Peroneus longus—Shufeldt (1890, p. 208). 
M. peroneus superficialis—Gadow (1891, p. 180). 


Description (for the crow and raven) .—Arises partly tendinous from the 
antero-proximal border of the anterior tibial crest (Fig. 12), and to a slight 
extent from the fascia covering the knee joint. This is the most superficial 
muscle on the antero-external side of the shank, and its thin semitendinous 
belly is rather intimately attached to the underlying muscles. About two- 
thirds of the way down the shank the muscle tapers rather suddenly to form 
the strong tendon which runs obliquely backward and downward on the Iat- 
eral side of the bone. Just above the malleoli the tendon sends off on the 
posterior side a short branch which becomes attached to the lateral edge of 
the proximal end of the so-called “tibial cartilage” Shufeldt (1890, p. 210). 
The main tendon continues downward over the external malleolus and the 
lateral side of the base of the tarso-metatarsus, to the posterior side of the 
latter bone (Figs. 1, 6, 23-33). Shortly below the perforated process it 
unites with the tendon of the Flex. per. d. III (Fig. 4). 


In connection with the proximal insertion of this muscle, Gadow (1891, 
p. 181) considers that the tibial cartilage is a part of the shorter tendon of 
the Per. long., and that since this is perforated by several of the toe flexors 
it forms a sustentaculum for them. He gives no basis for this interpretation, 
and if his view is correct, this muscle then presents a very curious and un- 
usual condition in which one of the tendons of insertion becomes enormously 
enlarged (the tibial cartilage), and is perforated by seven flexor tendons. 
This can hardly be the case since in owls the Per. long. is absent but the 
tibial cartilage is well developed. This fibro-cartilaginous mass glides over 
the end of the tibio-tarsus in the posterior sulcus which lies between the 
malleoli. It becomes attached to the proximal end of the perforated process. 


Action.—The Per. long. helps to extend the tarso-metatarsus and, because 
of its connection with the Flex. per. dig. ITI, also aids in flexing the third toe. 


Homology.—Gadow (1891, p. 182) states that this muscle is homologous 
to the M. peroneus (peronaeus of the BNA) longus of mammals. 


Comparison.—Present in all except Chaetura, Bubo, and Otus. The ori- 
gin is extremely variable among the different groups but in the majority it is 
from the anterior tibial crest as in the crow. In addition it is closely attached 
to the underlying muscles. In the following the origin is tendinous from the 
lateral edge of the tibial crest and fleshy from the shaft of the fibula: Colym- 
bus, Fregata, Sula, Buteo, Larus, Uria, Zenaidura, and Coccyzus. The origin 
is also partly from the shaft of the tibia in Larus and Coccyzus. In these 
forms the muscle is usually very narrow and consequently does not cover 
any considerable portion of the Tib. ant. The origin in Falco is restricted 
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to the fibula and the adjacent muscles. In Gavia it is from the underlying 
muscles only. 

The typical insertion is bifurcated as in the crow, one branch going to the 
tibial cartilage and the other to the tendon of the Flex. per. d. III. How- 
ever, in the following the muscle has no connection with this perforated flexor 
tendon: Gavia, Colymbus, Colaptes, Dryobates, Melanerpes erythrocephalus, 
and Sphyrapicus varius. In Gavia the tendon bifurcates as usual but the 
longer branch dwindles out on the fascia of the heel joint. In the others 
there is no bifurcation but the insertion is entirely on the tibial cartilage. 
Gadow (1891, p. 181) gives this type of insertion only for Podiceps. Burt 
1930, p. 504) describes it for Ceophloeus pileatus. 


In Fregata the tendon of insertion is reinforced just above the external 
malleolus by a branch from the Per. brev. The longer tendon joins that of 
the Flex. per. d. Ill very far down—just above the base of the toes. 


M. PERONAEUS BREVIS (Per. brev.) 


Tibialis posticus—Shufeldt (1890, p. 227). 
M. peroneus profundus—Gadow (1891, p. 182). 

Description (for the crow and raven).—This rather short but slender 
muscle lies along the postero-external border of the belly of the Tib. ant. 
(Figs. 1, 2, 3). It arises mostly fleshy from a long narrow line on the lateral 
side of the tibia and fibula, from about the insertion of the Bic. fem. to a 
point about two-thirds of the way down the tibio-tarsus (Fig. 8).»Well above 
the malleoli the muscle changes into a strong tendon which passes over the 
lateral surface of the external malleolus to its insertion on the extreme latero- 
proximal end of the tarso-metatarsus (Figs. 23-29). Just above the external 
malleolus the tendon passes under a strong fibrous loop which holds it firmly 
in place. 

Action.—Abduction of the tarso-metatarsus. 


Homology.—According to Gadow (1891, p. 183) this muscle corresponds 
to the M. peroneus (peronaeus of the BNA) brevis of mammals. 


Comparison.—The peronaeus brevis is present in all except Colymbus, 
Sula, and Chordeiles. Gadow (1891, p. 183) states that it is represented by 
a small tendinous cord in Podiceps, but I can find no trace of it in Colymbus. 
Gadow does not mention its absence in Sula but does indicate that it is absent 
in Caprimulgus. This authority further states that the Per. brev. is absent 
in Ardea; nevertheless it is well developed in Ardea herodias. 

Typically the origin is fleshy from the lateral side of the fibula and tibia 
as already described for Corvus. In Bubo and Otus the distal end of the 
origin extends medially onto the anterior surface of the tibia, thus lying di- 
rectly behind the Ext. dig. 1. In Gavia the distal end of the origin extends 
backward onto the latero-posterior surface of the tibia. 

The muscle is short and stout in Fregata, being limited to about the distal 
third of the tibial shaft. The origin is from the distal end of the fibula and 


the antero-outer edge of the tibia just above the external malleolus. The 
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proximal portion of the muscle gives off a tendon which unites with that of 
the Per. long. The main part inserts as usual. 


The Per brev. is also rather short and stout in Zenaidura. The belly is 
very weak and slender in Totanus, Larus, and Uria. 

In many birds the insertion is on the middle of the postero-proximal edge 
of the tarso-metatarsus. This is well illustrated by Fulica in which the tendon 
passes abruptly toward the inner side at the intertarsal joint in order to reach 
the point of attachment. 

The insertion is on the latero-proximal edge of the tarso-metatarsus in the 
following: Gavia, Fregata, Cathartes, Chen, Buteo, Falco, Zenaidura, Coc- 
cyzus, Bubo, Otus, Colaptes, Dryobates, Tyrannus, and Corvus. 


M. GASTROCNEMIUS (Gas.) 


Gastrocnemius—Shufeldt (1890, p. 200). 
M. gastrocnemius—Gadow (1891, p. 183). 

Description (for the crow and raven) .—This is the largest muscle of the 
pelvic appendage. It covers superficially a large surface of the anterior, inner 
and posterior borders of the shank, and arises by three distinct heads which 
will be described separately. 


Pars externa.—Arises partly tendinous from the lateral surface of the 
external condyle of the femur, just in front of the femoral origin of the 
F. dig. 1. and just distal to the anterior margin of the insertion of the Acces- 


sorius semitendinosi (Figs. 1, 8). It is closely connected with the distal arm 
of the tendinous loop for the Bic. fem. This head is intermediate in size 
between the other two, and passes down the postero-lateral border of the 


shank. 


Pars media.—This, the smallest head, is very intimately connected with 
the semitendinosus by a heavy fibrous band, previously described. It arises 
partly fleshy from the posterior edge of the proximal end of the internal 
condyle of the femur, in common with the insertion of the posterior belly of 
the M. adductor longus et brevis (Figs. 6, 9). It passes downward on the 
inner side of the shank. 


Pars interna—This head about equals in bulk the other two combined. 
It arises mostly fleshy from a rather large area on the internal side of the 
head of the tibia (Fig. 9). From here it passes downward on the antero- 
internal border of the shank (Fig. 6). It is separated from the Pars media 
by the tendon of insertion of the semimembranosus. 

At a point about one-third the way down the tibio-tarsus these three heads 
unite, and below this the combined muscle tapers gradually on the posterior 
border of the shank into a broad flat tendon which passes over the posterior 
side of the ankle joint (Figs. 23-34). It inserts on the posterior edge of the 
tarso-metatarsus—on the perforated process and on the lateral ridve (Fig. 13) 
This common tendon is the Tendo Achillis, and it seems to be continuous 
with a sheet of fascia which forms a thin sheath around the posterior side of 
the flexor tendons, holding them firmly into the posterior sulcus of the tarsus. 
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Gadow (1891, p. 185) even considers the connective tissue sheaths which 
hold the flexor tendons in place on the volar surfaces of the fore toes as 
being a distal continuation of the middle part of the Tendo Achillis. 


Because of the great complexity of the insertion of this muscle only the 
main attachments are shown in the figures. 

Action.—Extension of the tarso-metatarsus and slight flexion of the fore 
toes. 

Homology.—Unceertainty exists concerning the homology of this muscle. 
Gadow (1891, p. 185) states that the entire muscle corresponds probably to 
the M. triceps surae of man, and that taken separately the Pars externa et 
media can be compared perhaps to the M. gastrocnemius. He states further 
that the Pars interna can be compared to the M. soleus or else it corresponds 
to no muscle of humans. Almost all of the workers on bird musculature 
have called this three-fold muscle the M. gastrocnemius; therefore, it is best 
to retain the name even though its exact homology is not at present known, 
and leave it to future investigations to clear up this subject. 


Comparison.—The three heads are present in all the birds studied. The 
P. int. and P. med. are closely associated, usually fusing near the middle of 
the shank or above. 

Pars externa.—Generally the origin is about as in the crow. It is always 
closely grown together with the lateral femoral arm of the biceps loop. Gavia 
is peculiar in having the origin from a long line down the lateral side of the 
distal half of the femoral shaft. 

Pars media.—This is always the smallest head and in most forms arises 
about as in Corvus. Usually it is closely connected with theAccessorius semi- 
tendinosi. In Larus the middle head is very small and slender, arising by a 
long and delicate tendon. This part is also very long and slender in Chen, 
and ends in a narrow tendon which inserts into the distal end of the belly of 


the P. int. 


Pars interna.—In the following this head extends around the front of the 
knee, thus covering the insertion of the sartorius and arising in part from the 
patellar tendon: Chen, Cathartes, Pedioecetes, Colinus, Grus, Fulica, Totanus, 
Larus, Uria. In Bubo and Otus the P. int. reaches up somewhat onto the 
internal condyle of the femur, adjacent to the attachment of the P. med. In 
Gavia and Colymbus it arises from a long line down the medial side of the 
tibia, beginning at the apex of the tibial spine and continuing down to about 
the middle of the shank. The P. int. is double in Gavia, Colymbus, Uria, 
and Chaetura, the semimembranosus inserting between the two heads. In the 
majority of cases the origin is from the Caput tibiae very much as in the crow. 

The insertion of the gastrocnemius is subject to considerable differentia- 
tion. In the following the whole muscle forms, at the lower part of the shank, 
a single broad tendon which narrows down toward the heel joint: Sula, 
Fregata, Ardea, Cathartes, Falco, Grus, Zenaidura, Coccyzus, Bubo, Otus, 
Chordeiles, Colaptes, Dryobates, Tyrannus, Corvus. Buteo, Pedioecetes and 
Colinus are quite similar but the outer and inner edges of the tendon are much 
thickened, giving the appearance of two heavy tendons united by a thin 
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fibrous sheet. These two marginal tendons unite shortly above the tibial 
cartilage. 

In many forms there are two entirely separate tendons, the outer from the 
P. ext. and the inner from the P. int. and med. They fuse farther down 
the shank. Such a condition is found in Gavia, Colymbus, Chen, Fulica, 
Totanus (Fig. 53), Larus, Uria, and Chaetura. In Gavia the fusion is far 
down—opposite the tibial cartilage. 

The tendon of insertion in Fregata passes over the back of the heel joint 
and then divides into an outer and an inner branch, which insert respectively 
on the distal end of the outer and inner sides of the tarso-metatarsus. As a 
result the bundle of flexor tendons passing down the posterior sulcus of the 
tarsus is not enclosed by the tendon of the Gas. as is usually the case. 


M. pLantaris (Plan.) 


Soleus—Shufeldt (1890, p. 204). 
M. plantaris—Gadow (1891, p. 185). 

Description (for the crow and raven).—This small slender muscle is con- 
fined entirely to the region of the shank. It arises fleshy from the postero- 
internal side of the proximal end of the tibia, just below the articulation sur- 
face for the femur (Figs. 7, 9). The short belly runs distally across the 
outer Surface of the tendon of insertion of the semimembranosus. About one- 
third the way down the tibio-tarsus it tapers into the long tendon which passes 


directly down to its insertion on the proximal end of the tibial cartilage, on 
the inner side (Figs. 23-27). Throughout most of its extent the tendon is 
closely applied to the inner surface of the M. gastrocnemius, between the Pars 
media and Pars interna; in fact, if considerable care is not exercised in remov- 
ing the latter muscle, the tendon of the M. plantaris will be removed along 
with it. 


Action.—Helps to extend the tarso-metatarsus. 


Homology.—Gadow (1891, p. 186) states that if the M. plantaris arises 
from the femur it is almost fully homologus to the similarly named muscle 
of man; however, a femoral origin is very raze in birds. Although the homol- 
ogy is somewhat uncertain it seems best to apply the name M. plantaris to 
this muscle. 

Comparison.—The plantaris is absent in Buteo, Chacturo, Bubo, and Otus, 
but is extremely uniform among the various other bird groups. In most cases 
it is closely applied to the under side of the gastrocnemius, this connection in 
Fregata amounting almost to a fusion. The origin is similar to that in the 
crow in the following: Gavia, Colymbus, Fregata, Cathartes, Totanus, Larus, 
Coccyzus, Colaptes, Dryobates, Tyrannus. In many the origin extends a little 
farther down the tibia—about to the distal edge of the insertion of the semi- 
membranosus. This condition is shown by Sula, Chen, Ardea, Pedioecetes, 
Colinus, Grus, Fulica, Uria, Zenaidura, and Chordeiles. The belly is slender 
and exceptionally long in Coccyzus, reaching about two-thirds the way down 
the shank. 

Gadow (1891, p. 186) states that this muscle is entirely lacking in all 
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birds of prey. However, in Falco it is not only present but is more power- 
fully developed than in any other form examined (Figs. 50, 65). The belly 
reaches almost to the tibial cartilage, the tendon being very short and stout. 
The origin extends about halfway down the inner side of the tibia. This was 
observed in all of the falcons available—F. peregrinus anatum, F. mexicanus, 
and F. sparverius. In Cathartes this muscle shows the typical condition. 

Before going into a detailed discussion of the various flexor muscles it 
might be well to mention something about the manner in which their tendons 
pass the intertarsal joint. All of the long toe-flexors perforate the tibial car- 
tilage, the exact method being very intricate but very definite for different 
birds. 

In general the most superficial (posterior) position through the intertarsal 
joint is taken by the Flex. per. d. III, Flex. per. d. IV, and F. p. et p. d. II 
(Figs. 29-32, 56, 57). Usually these three tendons traverse the tibial car- 
tilage in the same canal. This is the condition in all forms examined with the 
exception of Colaptes, Dryobates, Tyrannus, and Corvus, in which the F. p. 
et p. d. III passes through a separate canal. When the three pass together 
through the same canal they may be entirely free from one another or, more 
often, they are bound in a common sheath which greatly reduces their inde- 
pendence of action. The Flex. per. d. III forms the anterior side of this 
sheath, the edges wrapping posteriorly around the others. In Colymbus, To- 
tanus, Larus, and Coccyzus the three are not bound together at the tibial car- 
tilage. In the following they are enclosed in a common sheath in addition to 
passing through the same canal. 


Gavia Buteo Uria 
Fregata Falco Zenaidura 
Sula Pedioecetes Chordeiles 
Ardea Colinus Chaetura 
Chen Grus Otus 
Cathartes Fulica Bubo 


The F. p. et p. d. II passes through the tibial cartilage in a special super- 
ficial (posterior) canal on the inner side. The Flex. per. d. II is deeply em- 
bedded in a separate canal (Figs. 29-32, 56, 57). The most deeply situated 
flexors in all cases are the F. hal. |. and F. dig. I. 

The perforated process shows all degrees of completeness in the various 
bird groups. In Cathartes, Buteo, Falco, Uria, Chaetura, Bubo, and Otus 
there is no true perforated process. The tendons pass down the posterior 
sulcus of the tarso-metatarsus without traversing bony canals. The two deep 
flexors may lie in bony grooves, but these are not roofed over with bone. In 
the following the F. dig. I. alone passes through a completely ossified canal: 
Butorides (Fig. 56), Chen, Grus, Totanus, Larus, Chordeiles. Both of the 
deep flexors lie in bony canals in Fregata, Sula, Ardea, and Coccyzus. The 
F. dig. I. and Flex. per. d. II perforate the bone in Fulica; the F. dig. L., 
F. hal. 1., and F. p. et p.d. II in Colymbus and Pedioecetes; the F. dig. 1., Flex. 
per. d. II and F. p. et p. d. II in Colinus. In Zenaidura all of the flexors per- 
forate the bone except the three superficial ones (Flex. per. d. III, Flex. per. d. 
IV, and F. p. et p. d. III). The perforated process is completely roofed over 
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and all the flexor tendons pass through it in Gavia, Colaptes, Dryobates Tyran- 
nus, and Corvus (Figs. 30, 31). 

In determining which tendons pass through bony canals it is necessary to 
use fully adult specimens, since age greatly affects the degree of ossification. 


MM. FLEXORES PERFORATI DIGITI Il, III, IV. 


As Gadow (1891, p. 186) states, these three muscles belong genetically 
close together, but since their tendons are entirely independent below, a separate 
treatment of them seems perfectly proper. This authority further points out 
that this muscle complex must be regarded as peculiar to birds, since the entire 
group seems to be present independently neither among reptiles nor mammals 
(1891, p. 187). In their carneous portions these muscles are very intimately 
grown together with adjacent muscles; indeed, this is true of almost all the 
muscles of the shank, the bellies of many being separated only with difficulty. 
However, in all cases the tendons are very distinct below. 


It might be well to add that the insertions of the three perforated and the 
two perforating and perforated flexors are, in general, not closely circumscribed 
as with many muscles, but are diffused in a rather confusing manner over an 
extensive area on the various phalanges of the toes. The insertions shown in 
the figures are, therefore, only roughly approximate, and indicate only the 
main points of attachment. 


M. FLEXOR PERFORATUS DIGITI II (Flex. per. d. 11) 


Flexor perforatus indicis primus pedis—Shufeldt (1890, p. 245). 
M. flexor perforatus digiti 1I—Gadow (1891, p. 187). 


Description (for the crow and raven).—This small slender muscle lies on 
the lateral side of the shank between the F. p. et p. d. III in front and the F. 
hal. 1. behind (Figs. 2, 3, 23-28). It has no direct osseous connection above, 
but originates from the heavy tendon which arises from the posterior side of 
the external condyle of the femur just distal to the attachment of the P. ext. 
M. gas. (Fig. 14). This tendon also gives origin to the two perforating and 
perforated flexors and to the anterior head of the F. hal. 1. Furthermore the 
anterior arm of the tendinous loop for the Bic. fem. makes an attachment an- 
teriorly with the tendon in question. 


In addition the Flex. per. d. II arises throughout most of its carneous por- 
tion from a fibrous sheet which connects it medially with the bellies of the 


F, p. et p. d. III and the F. dig. 1. 


In its middle portion the belly of this muscle is much compressed in an 
antero-posterior plane. It terminates about two-thirds of the way down the 
tibio-tarsus in a slender tendon which passes obliquely downward and backward 
to the tibial cartilage. It perforates this cartilage near the outer side, close to 
the bone and just behind the tendon of the F. hal. I. (Fig. 29). Upon passing 
the intertarsal joint it becomes deflected somewhat toward the inner side and 
passes through the perforated process in its special bony canal, just behind that 
of the F. dig. |. and in front of that of the F. p. et p. d. II (Figs. 30, 31). 
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About midway the tarso-metatarsus this tendon switches over the inner side of 
that of the F. p. et p. d. II, so that lower down their positions are reversed 
(Figs. 32.37). The insertion is sheath-like and takes place on an extensive 
area on the under sides of the proximal phalanx of the index digit (Fig. 13). 
At the point of insertion the tendon is perforated by that of the F. p. et p. d. 
II and a branch of the F. dig. 1. 


Action.—Flexion of the index digit. 
Homology.—Peculiar to birds (Gadow, 1891, p. 187). 


Comparison—This muscle was found in all birds examined with the excep- 
tion of Colymbus and Chaetura. Gadow (1891, p. 188) mentions it as being 
absent in Struthio, corresponding to the absent toe, but does not refer to its 
absence in any other forms. The second toe is well developed in Colymbus 
and Chaetura, yet the muscle is wholly lacking. 

The Flex. per. d. II generally consists of a single head which arises out of 
the Regio intercondyloidea in common with other flexor muscles. It is usually 
connected with the ambiens tendon when this is present, this attachment often 
taking the form of a small second head of origin. In nearly all birds the belly 
is deeply situated (Figs. 52, 53), lying directly against the F. dig. 1. How- 
ever, in the passerine birds examined (Tyrannus and Corvus) the muscle is 


mostly superficial on the lateral side of the shank (Figs. 1, 24). 


In the following the origin is from the Regio intercondyloidea and the 
ambiens tendon: 


Gavia Buteo Fulica 
Fregata Falco Larus 

ula Pedioecetes Totanus 
Chen Colinus Zenaidura 
Cathartes Grus Coccyzus 


The origin in Ardea and Uria is from a part of the shaft of the fibula and 
adjacent flexor muscles; from the external condyle only in Tyrannus and 
Corvus (Gadow, 1891, p. 188, gives the origin in Corvidae as being from 
the Regio intercondyloidea only); mainly out of the Regio intercondyloidea 
in Colaptes and Dryobates. In Bubo and Otus the origin is by two heads, one 
from the Regio intercondyloidea and the other from the external condyle; both 
are in company with other muscles. The biceps tendon passes between these 
two heads. 


The insertion is usually on the extreme proximal end of the first phalanx 
of the index digit. In many birds the attachment is on the outer side of the 
proximal end of the first phalanx, and the tendon is not very definitely per- 
forated by the two other flexors. The tendon is not perforated at all in Chen, 
Cathartes, Buteo, Falco, and Uria. In Coccyzus, Tyrannus, and Corvus the 
insertion is on the distal portion of the first phalanx. 


Fregata is very peculiar in that just below the perforated process the Flex. 
per. d. II gives off a strong lateral branch which inserts on the base of the 
first phalanx of the hallux. Gadow mentions no such attachment for this 
muscle. 
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M. FLEXOR PERFORATUS DIGITI 11 (Flex. per. d. III) 


ide of 
versed flexor perforatus medius primus pedis—Shufeldt (1890, p. 242). 
ensive \f. flexor perforatus ligiti 1]]—Gadow (1891, p. 188). 
13). Description (for the crow and raven).—Arises partly out of the inter- 
p. d. condyloid region of the femur in company with the Flex. per. d. IV and the 
posterior head of the F. hal. 1. (Figs. 4, 14); however, it arises chiefly from 
the postero-inner surface of the Flex. per. d. IV, the bellies of these two 
muscles being closely grown together throughout almost their entire lengths 
(Figs. 23-28). Well below the middle of the shank the flattened muscle ter- 
xcep- minates in a strong tendon which passes obliquely outward and downward so 
being as to penetrate the tibial cartilage toward its outer side (Fig. 29). Through- 
a tae out the region of the heel this wide tendon wraps sheath-like around the an- 
veliver terior side of the tendon of the Flex. per. d. IV; in fact, these two closely 
associated tendons pass together through a special bony canal in the postero- 
lateral side of the perforated process (Figs. 30, 31). Shortly below this 
ut of process the tendon of the Flex. per. d. III is reinforced by the long tendon 
ually of the Per. long. In passing down the posterior border of the tarso-metatarsus 
wry this tendon shifts obliquely inward around the medial side of the tendon of 
belly the F. p. et p. d. III, so that finally just above the toes it comes to lie super- 
. ficially in the median line (Figs. 32-37). Insertion is on the third toe by a 
1S 


sheath-like tendon which becomes attached to the under sides of the proximal 
phalanx, and to a more limited extent to the proximal end of the second 
the phalanx (Fig. 13). At the point of insertion the tendon is perforated by that 
of the F. p. et p. d. III and a branch of the F. dig. I. 
Action.—Flexion of the third digit. 
Homology.—Peculiar to birds (Gadow, 1891, p. 187). 


Comparison.—Present in all forms studied. Usually two-headed, the main 
one out of the Regio intercondyloidea and a more distal head which arises in 


aul various ways. When the ambiens tendon is present and well developed the 
pae Flex. per. d. III is more or less directly attached to it along with the other two 
ie “perforatus” muscles. The muscle is single in Fregata, Sula, Cathartes, Ardea, 
a Tyrannus, and Corvus, and arises out of the Regio intercondyloidea. In 
rosa Ardea, however, there is also an attachment to the shaft of the fibula. The 
ail origin in Chaetura is from the external condyle in company with the Flex. per. 
~— d. IV. There is also a slight attachment to the fibula. 

. The femoral head is usually fleshy and fused with other flexor muscles, 
—_ but in Falco it arises as a long independent tendon. Coccyzus is quite similar. 


the The femoral attachment in Chaetura is also by a long tendon. 

As Gadow (1891, p. 188) states, the exact attachments of these perforated 
flexors are hardly to be determined with certainty. The bellies are usually 
che grown together in varied and complex ways. In the following the distal head 
arises mainly from the other flexor muscles: Chen, Buteo, Falco, Pedioecetes, 
Bubo, Otus; mainly from the shaft of the fibula in Colymbus and Uria; from 


h the ambiens tendon and the Caput fibulae in Gavia, Colinus, Grus, Fulica, 
“eM Totanus, Larus, Zenaidura and Coccyzus; from the Caput fibulae in Chor- 


deiles; from the external condyle in Colaptes and Dryobates. 
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In many birds the two bellies unite and only one tendon is formed. In 
others each head forms a separate tendon, these uniting usuaily just above 
the tibial cartilage. 

One tendon Two tendons 
Gavia Larus Pedioecetes 
Columbus Zenaidura Colinus 
Chen Coccyzus Fulica 
Buteo Chordeiles Uria 
Falco Bubo Colaptes 
Grus Otus 
Totanus Drvobates 


Frequently there is a heavy tendinous vinculum (Fig. 74) which, just 
above the toes, passes downward from the tendon of the Flex. per. d. III, and 
fuses with that of the F. p. et p. d. III. This firmly binds them together. 

Vinculum present Vinculum absent 

Gavia Totanus Colymbus Chaetura 

Sula Larus Fregata Bubo 

Chen Zenaidura Ardea Olus 

Cathartes domestic duck Buteo Colaptes 

Pedioecetes domestic fowl Falco Drvyobates 

Colinus ring-necked Uria Tyrannus 

Grus pheasant Coccyzus Corvus 

Fulica domestic pigeon Chordeiles 


This seems to prove conclusively that Gadow and previous writers did not 
work out all of the leg muscles in any large number of birds, since this vincu- 
lum occurs in a great variety of forms, and is so strongly developed that it 
could hardly be overlooked. Gadow (1891, p. 189) mentions it only for 
Pterocles. The vinculum connecting the two deep flexors has been studied in 
a large series of birds by Sundevall, Garrod, and others, and it appears cer- 
tain that if the one connecting these two perforated flexors were widely known, 
it would have been extensively investigated. 


The vinculum under consideration shows very little modification in the 
birds studied. In some forms it is rather long and slender and in others 
short and stout. It shows no such complex variations as are exhibited by the 
similar structure connecting the two deep flexor tendons. Nevertheless it 
should prove to be of even greater taxonomic significance since it is absent 
in many groups and present in many others. That between the two deep 
flexors is present in all groups with the exception of the Passeriformes and 
Upupa. 

M. FLEXOR PERFORATUS DIGITI Iv (Flex. per. d. IV) 


Flexor perforatus annularis primus pedis—Shufeldt ‘ p- 241). 
M. flexor perforatus digiti 1V-—Gadow (1891, p. 190). 


Description (for the crow and raven) .—This muscle originates above from 
the intercondyloid region of the femur, in company with the Flex. per. d. III 
and the posterior head of the F. hal. 1. (Figs. 3, 4, 14). Its most extensive 
surface of origin is from the posterior side of the belly of the F. hal. 1., with 
which it is closely grown together. The long flattened belly terminates a short 
distance above the malleoli of the tibio-tarsus in a strong tendon which passes 
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almost through the middle of the tibial cartilage (Figs. 23-29). In this region 
the tendon of the present muscle is ensheathed anteriorly by the much flat- 
tened tendon of the Flex. per. d. III. These two closely associated tendons 
traverse the perforated process together in their special bony canal, located in 
the postero-lateral side (Figs. 30, 31). Throughout the length of the tarso- 
metatarsus the tendon of the Flex. per. d. IV maintains its position on the 
postero-lateral side. Shortly beyond the base of the fourth toe the tendon 
bifurcates (Figs. 4, 32-37). The short lateral branch inserts on the postero- 
lateral side of the proximal phalanx, near its distal end; the inner branch 
encloses sheath-like the branch of the F. dig. |., and inserts on the proximal 
end of the third phalanx (Figs. 13, 43). Shufeldt’s name “annularis primus 
pedis” is, therefore, inappropriate since the most extensive part of the insertion 
is on the third phalanx. This author has, however, pointed out (1890, p. 242) 
that this muscle fulfills “the part, too, of a secundus flexor of this toe.” Never- 
theless, I find that this tendon makes almost no attachment to the second 
phalanx in the crow and raven. 


Action.—Fiexion of the fourth digic. 
Homology.—Peculiar to birds (Gadow, 1891, p. 187). 


Comparison.—Present in all forms studied. Arises mainly by one head 
from the Regio intercondyloidea, but in many birds there is also a small lat- 
eral head from the Caput fibulae or external condyle. This latter portion is 
mostly tendinous and is frequently attached to the ambiens tendon. It is 
often rather indefinite but in some, such as Fulica, is strongly developed. In 
the following there is no well defined lateral! head: Gavia, Colymbus, Fregata, 
Sula, Falco, Uria, Corvus. Gavia is peculiar in that the femoral attachment 
extends almost halfway up the shaft of the femur, and, further, the belly 
reaches almost to the tibial cartilage. The single head in Falco is peculiar in 
coming from the external condyle and Caput fibulae instead of from the Regio 
intercondyloidea. In Chaetura the single head is also from the external con- 
dyle. Gadow (1891, p. 190) gives the origin in the Corvidae as being chiefly 
from the external condyle. This is wrong as far as the crow and raven are 
concerned, for in them it arises only from the Regio intercondyloidea and 
cther flexor muscles. In addition to the usual origin, Uria shows an attach- 
ment to a long line down the shaft of the fibula. 


All other forms examined show a definite indication of the small lateral 
head of origin in addition to the main one from the Regio intercondyloidea. 
In some the biceps tendon passes between these two heads, in others laterally 


to both. 


Passes between them Lateral to both 
Ardea T otanus Chen 
Buteo Larus Zenaidura 
Pedioecetes Bubo Coccvzus 
Colinus Otus Chordeiles 
Grus Tyrannus Colaptes 


Fulica Drvobates 
The tendon of insertion is clearly branched in some birds and undivided in 
others. In the following there is no definite indication of a division: Gavia, 
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Fregata, Buteo, Falco, Pedioecetes, Colinus, Grus, Fulica, Larus, Uria, Chae- 
tura, Coccyzus, Bubo, Otus. In Coccyzus the single attachment is on the outer 
side of the base of the second phalanx, and is not clearly perforated. The ten- 
don of insertion is branched and shows two separate points of attachment in 
Sula, Ardea, Chen, Totanus, Zenaidura, Chordeiles, Colaptes, Dryobates, 
Tyrannus, Corvus. In these birds the shorter branch usually inserts on the base 
of the second phalanx and the longer one on the base of the third. The deep 
flexor ordinarily perforates the longer branch only. However, in Zenaidura 
both are separately perforated. In the woodpeckers, on the other hand, 
neither is perforated but both branches pass laterally to the deep flexor ten- 
don. This condition was found in all of the woodpeckers examined: Colaptes 
auratus, Dryobates villosus, Melanerpes erythrocephalus, Sphyrapicus varius. 
Burt (1930, p. 508) gives the insertion in Ceophloeus pileatus as being on the 
basal phalanx. He does not mention a division of the tendon. In Cathartes 
the tendon is trifurcated, inserting mainly on the bases of phalanges II, III, 


and IV. 


M. FLEXOR PERFORANS ET PERFORATUS DIGITI I 
(F. p. et p. d. II) 


Flexor perforatus indicis secundus pedis—Shufeldt (1890, p. 229). 
M. flexor perforans et perforatus digiti 1]—Gadow (1891, p. 191). 

Description (for the crow and raven).—Arises from the external condyle 
of the femur in company with the anterior head of the F. hal. |., the Flex. 
per. d. II and the F. p. et p. d. III (Fig. 8). It is fully exposed upon the 
removal of the P. ext. M. gastrocnemii. The belly is small, flattened and 
spindle-shaped, and terminates about one-third the way down the shank in a 
thin flat tendon which runs diagonally downward and backward to the tibial 
cartilage (Figs. 2, 23-28). This tendon becomes much narrowed as it ap- 
proaches the heel, and passes superficially through the postero-inner side of 
the tibial cartilage (Fig. 29). Continuing below it traverses the perforated 
process on the inner side, just behind the tendon of the Flex. per. d. II, and 
in front of and medial to that of the F. p. et p. d. III (Figs. 30, 31). As 
explained previously the tendon of the Flex. per. d. II, about midway the 
tarso-metatarsus, switches around the inner side of the present tendon, so that 
just above the toes the two have reversed their former positions (Figs. 32-37). 
Opposite the proximal phalanx of the index digit the tendon of the F. p. et 
p. d. II perforates that of the Flex. per. d. II, and opposite the base of the 
second phalanx, is itself perforated by the branch of the F. dig. 1. going to 
the second toe (Figs. 3, 39). It inserts to a limited extent on the distal end 
of the proximal phalanx, and on the second phalanx, especially on its inner 
side (Fig. 13). 

Action.—Flexion of the index digit. 


Homology.—Very uncertain: Gadow (1891, p. 193) states, in speaking 
of this and the following muscle, that they perhaps represent very imperfectly 
the M. soleus of mammals. From this it seems advisable to regard the two 
perforating and perforated flexors as being peculiar to birds, at least until such 
a time as their homologies are better known. 
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Comparison.—Present in all forms examined. Arises by only one head in 
all except Gavia, in which there are three. It is always superficial after the 
removal of the external head of the gastrocnemius, and usually lies behind the 
F. p. et p. d. III, although often overlapping the latter at its postero-proximal 
end, in Larus completely concealing it. The belly is narrow and lies entirely 
behind the F. p. et p. d. III in Colymbus and Sula. The origin varies some- 
what but is always grown together with underlying muscles. In the great 
majority of forms the muscle originates from the external condyle and patellar 
tendon. In Fregata it arises mainly from the Caput fibulae; from the external 
condyle, patellar tendon, and lateral edge of the tibial crest in Ardea, Falco, 
Fulica, and Larus. In Larus the tibial attachment is on the entire anterior 
crest. Usually the belly is small and weak as in the crow, but it is strongly 
developed in Gavia, Colymbus, Pedioecetes, Fulica, Bubo, and Otus. The 
origin in Gavia is by three heads: one from the procnemial spine, one from 
the external condyle, and a small one from the belly of the F. p. et p. d. III 
far down the shank. The first two are separated proximally by the insertion 
of the Il. tib. The third head forms a separate tendon which unites with the 
main tendon just above the tibial cartilage. 


In Colaptes and Dryobates the insertion is very peculiar; it becomes at- 
tached to the inner side of the base of the second phalanx by a slender tendon 
which is not perforated by the branch from the deep flexor. The same con- 
dition was found in Melanerpes erythrocephalus and Sphyrapicus varius. Burt 
(1930, p. 506) gives a similar insertion for Ceophloeus pileatus, but does not 
point out the lack of a perforation. The insertion in Chaetura is very similar 
to that in the woodpeckers. 


M. FLEXOR PERFORANS ET PERFORATUS DIGITI 1 (F. p. et p. d. III) 


Flexor perforatus medius secundus pedis—Shufeldt (1890, p. 243). 
M. flexor perforans et perforatus digiti 11]—Gadow (1891, p. 192). 


Description (for the crow and raven).—This muscle lies on the lateral 
side of the shank and is fully exposed by the removal of the Per. long. and 
the P. ext. M. gastrocnemii (Figs. 1, 2). Its origin is probably more complex 
than that of any other muscle of the pelvic limb. It arises partly from the 
external condyle of the femur in company with the anterior head of the F. 
hal. 1., the Flex. per. d. II, and the F. p. et p. d. II (Fig. 8); also from the 
lateral side of the anterior crest of the tibia, from the head of the fibula, and 
from a long narrow line on the lateral side of the slender fibular ligament. In 
some specimens the origin slightly overlaps the patellar tendon. 


The belly of this muscle is intimately grown together with adjacent mus- 
cles. About two-thirds of the way down the tibio-tarsus it ends in a strong 
tendon which runs superficially through the posterior side of the tibial car- 
tilage (Figs. 23-29). From here it switches somewhat to the inner side so that 
it passes through the perforated process in a special bony canal near the 
postero-inner margin (Figs. 30-37). On the way down the posterior side of 
the tarso-metatarsus the tendon gradually shifts toward the outer side, so as to 
arrive at the base of the third toe. Just above the base of the toe the tendon 
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passes laterally under that of the Flex. per. d. III. It perforates the latter 
tendon opposite the proximal phalanx, and opposite the second phalanx is 


itself perforated by the branch of the F. dig. 1. going to the third digit. In- 4 
settion is on the distal end of the second phalanx and on the proximal end th 
of the third (Figs. 3, 13, 41). i 
Action.—Flexion of the third toe. ( 
Homology.—Very uncertain. See foregoing muscle. pr 
Comparison.—Present in all forms. One-headed and usually much larger ol 
than the preceding muscle. Arises generally from the lateral edge of the tibial ju 
crest, from the patellar tendon, the external condyle, and the Caput fibulae; in fc 
many birds also from the fibular shaft, often for a considerable distance. tt 
Origin including fibular shaft Not connected with fibular shaft Pp 
avia Zenaidura Chen Larus la 
Columbus Coccyzus Buteo Chordeiles 
Fregata Colaptes Pedioecetes Bubo ( 
Sula Drvobates Colinus Otus by 
Ardea Ty rannus Grus b: 
Cathartes Corvus Fulica d 
Falco Totanus 
Uria el 
There is no connection with the anterior tibial crest in Uria, Bubo, and Ir 
Otus. Gadow (1891, p. 193) gives the origin in the Corvidae as being from 
the external condyle and Caput fibulae. He does not mention the attachment 
to the tibial crest and shaft of the fibula. In Chaetura the origin is from the d 
fibula only. b 


The insertion shows no important modifications other than the vinculum 
connecting this tendon with that of the Flex. per. d. III as already described ] 
under the discussion of the latter muscle. Gadow (1891, p. 193) states that q 
in the Ratitae, fowls, and Pterocles, the tendon of this muscle is connected 
by a vinculum with the Flex. per. d. III just above the intertarsal joint. No 
such condition was encountered in this investigation. 


rns 


M. FLEXOR DIGITORUM LONGUs (F. dig. I.) 


Flexor perforans digitorum profundus —Shufeldt (1890, p- 246). 
M. flexor profundus s. perforans—Gadow (1891, p. 193). 


Description (for the crow and raven).—This powerful muscle is the most 
deeply situated of all the muscles on the posterior side of the shank—lying 
immediately next to the bone (Figs. 4, 5, 23-28). It arises by two distinct 
heads, the more posterior of which attaches itself by means of fleshy fibers to 
the posterior side of the external condyle of the femur (Fig. 14). This rel- 
atively small head fuses, just above the insertion of the Bic. fem., with the 
much larger head which arises fleshy from a very extensive area on the pos- 
terior surface of the tibia and fibula. This great area of attachment extends 
down the tibio-tarsus for more than two-thirds of its entire length (Fig. 15). 
At the extreme proximal end of the large anterior head there is a slight notch 
which might be construed as being a division of the muscle into a total of 


three heads. 
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we Throughout most of its length the belly of this muscle is divided in the 

In. postero-median line by a tendinous band which is continuous below with the 

“" tendon. This gives the muscle a pennate structure. About three-fourths of 

nd the way down the shank the muscle changes into the powerful tendon which 
penetrates the tibial cartilage close to the bone and slightly on the inner side 
(Fig. 29). Below this it penetrates the perforated process in the same relative 
position, in a special bony canal (Figs. 30, 31). Down the posterior sulcus 

er of the tatso-metatarsus the tendon gradually shifts to the outer side, so that 
ial just above the toes this tendon and that of the F. hal. |. have reversed their 
in former positions (Figs. 32-37). Opposite the middle of the tarso-metatarsus 
the tendon of the F. dig. 1. becomes highly ossified for a considerable distance. 
Shortly above the bases of the toes it divides into three branches, one of which 
passes to each of the fore toes (Fig. 5). These run distally close to the pha- 
langes and perforate the tendons of the other toe flexors as already described 
(Figs. 39-45). The insertion of each of these tendons is double, the smaller 
branch becoming attached to the penultimate phalanx and the larger to the 
base of the unguinal phalanx (Fig. 13). I find this double insertion of the 
deep flexor tendons to be constantly present in the crow, but there is no refer- 
ence to such a condition in the literature at my disposal. The same double 

id insertion also occurs in the raven. 

m Action.—Flexion of the fore toes. 

e Homology.—Gadow (1891, p. 195) states that this muscle corresponds to 
the M. flexor longus digitorum of mammals. According to the BNA this 
becomes the M. flexor digitorum longus. 

Comparison.—Present in all birds. The origin is usually from an exten- 

- sive area on the posterior side of the tibia and fibula, from the proximal end 


d downward for a variable distance but ordinarily extending beyond the middle 
of the shank. In most cases the belly is divided at the proximal end by deeply 
situated nerves and blood vessels. In such a typically developed condition, 
which occurs in the vast majority of birds, there is no connection with the 
femur. Colaptes and Dryobates differ slightly in lacking any connection with 
the Caput fibulae. Tyrannus and Corvus are unique in having two very dis- 
tinct heads of origin, as already described for the crow. This condition is 
apparently peculiar to the Passeriformes. In Buteo this muscle is very power- 
t fully developed, being extensively visible superficially on the lateral side of 
5 the shank. In addition to the main head there is a tendinous connection with 
t the lateral side of the anterior tibial crest. The origin in Pedioecetes is double 
> as in Buteo but otherwise the belly is typical. Bubo and Otus have the F. 
| dig. I. extremely large and powerful. The belly is visible superficially for the 
. entire length of the shank on both the outer and inner sides (Fig. 51). The 
| origin is by three heads: an outer one from the Caput fibulae, the main head 
; as usual, and an inner one from the medial surface of the Caput tibiae and 
. much of the shaft below this. The proximal end of the inner head lies an- 
‘ terior to the insertion of the semimembranosus. 


j Usually the tendon of the F. hal. |. lies in a lateral position at the heel 
joint as in the crow (Plate 26), but in the following it lies directly pos- 
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terior to the tendon of the F. dig. 1: Fregata, Buteo, Falco, Chaetura, Bubo, 
Otus. In these both tendons are very large. 


As Sundevall, Garrod, and others have shown, the two deep flexor tendons 
ate connected in the region of the tarso-metatarsus in all groups of birds with 
the exception of the Passeriformes and Upupa. In Tyrannus and Corvus the 
condition is like that already described for the crow. In the following the 
two tendons fuse into one, usually near the middle of the tarso-metatarsus: 
Gavia (Fig. 71), Colymbus, Fregata (Fig. 72), Chen, Cathartes, Larus, Uria, 
Chordeiles, Chaetura. The common tendon divides below into four branches, 
one for each toe, in Fregata, Cathartes, Chordeiles, and Chaetura. In Chen 
(also in Mergus merganser americanus) the F. hal. |. sends off, just above 
the point of fusion, a small branch to the hallux. The common tendon di- 
vides into three branches, one for each fore toe, in Gavia, Colymbus, Larus, 
and Uria. In these there is no branch to the hallux, which is very small in 
all except Uria, in which it is absent. 


In most birds the two deep flexor tendons cross near the middle of the 
tarso-metatarsus as already described for the crow. At or below the point of 
crossing a tendinous vinculum of variable size and extent passes down from the 
tendon of the F. hal. |. and fuses with that of the F. dig. |., thus firmly 
binding them together and destroying their independence of action (Figs. 69, 
70, 73). This vinculum occurs in the following: 


Sula Colinus Coccyzus 
Ardea Grus Bubo 
Buteo Fulica Otus 
Falco Totanus Colaptes 
Pedioecetes Zenaidura Drvobates 


Buteo and Falco, in addition to having a strong and extensive vinculum 
as in the owls, have a stout connection between the F. hal. 1. and the branch 
of the main flexor going to the index digit. In conformity with this the deep 
tendon to the second toe is about twice as large as the branches to the third 
and fourth toes. This condition has been described by Garrod (1875, p. 343) 


for several genera of Falconiformes. 


In Otus the tendon of the F. dig. |. divides into two near the upper end 
of the tarso-metatarsus (Fig. 59). The inner branch supplies digits two and 
three, the outer branch digit four. These two tendons are closely connected. 


Colaptes and Dryobates show a very peculiar modification of the two deep 
flexors. The F. dig. |. supplies only the third toe. The F. hal. | trifurcates, 
sending a branch to digits one, two, and four (Fig. 73). Garrod (1875, 
p- 346), Gadow (1891, p. 195), and Burt (1930, p. 507) have reported this 


for the woodpeckers and their allies. 


The small fibro-elastic slips from the tendons of the F. dig. |., such as 
have already been described for the crow, occur very commonly among birds. 
In some species certain digits are supplied with as many as three, all inserting 
on different phalanges. Frequently these small branches are very indefinite 
and they are probably of little, if any, taxonomic importance. 
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Bubo, 
M. FLEXOR HALLUCIS LONGUS (F. hal. I.) 
— Flexor longus hallucis—Shufeldt (1890, p. 232). 
5 ae M. flexor hallucis longus—Gadow (1891, p. 197). 
3 the Description (for the crow and raven).—This is one of the most powerful 
rsus: muscles of the leg, and is located directly behind the F. dig. 1. It arises by 
Uria, two heads which are separated by the tendons of the Bic. fem. The small 
ches, anterior head arises from the external condyle of the femur in company with 
Chen the Flex. per. d. II and the two perforating and perforated flexors (Figs. 3, 
bove 8). The posterior head is inuch larger and arises from the intercondyloid 
. di- region of the femur in common with the perforated flexors for the third and 
17US, fourth toes (Fig. 14). Opposite the tendinous loop for the Bic. fem. a ten- 
Il in dinous band connects the anterior and posterior heads of this muscle. This 
might be considered a third or middle head. Shortly below the tendon of the 
the Bic. fem. the anterior and posterior heads unite to form the large belly, which 
: al passes directly down the back of the shank in intimate connection with several 
the adjacent flexor muscles. Near the lower end of the shank the muscle connects 
mly with its powerful tendon which perforates the tibial cartilage deeply, on its 
69, outer side (Figs. 23-29). Below this it traverses the perforated process in the 
same relative position, in a special bony canal (Figs. 30, 31). On passing 
down the posterior sulcus of the tarso-metatarsus the tendon crosses gradually 
over the back of the tendon of the F. dig. |., so as to reach the base of the 
first metatarsal bone. As already pointed out this crossing over of the two 
deep flexor tendons causes them to reverse their relative positions below 
(Figs. 32-37). 
im Upon reaching the inner side of the tarso-metatarsus the tendon in ques- 
ich tion passes between the first and second metatarsals, at which point it per- 
ep forates the greatly enlarged and sheath-like tendon of the F. hal. brev. Be- 
ird yond the base of the proximal phalanx of the hallux it continues to its inser- 
3) tion, which is bifurcated in much the same manner as the tendons of the F. 
dig. |. already described. Insertion is by a small branch on the distal end of 
il the proximal phalanx, and by a large branch on the under side of the un- 
" guinal phalanx (Figs. 4, 13, 17, 38). I have found no reference in the litera- 
d. ture to this double insertion. 
Action.—Flexion of the hallux; however, as has already been described, 
4 several of the flexor muscles of the shank are more or less intimately fused 
5. above, and it is probable that these muscles cannot act entirely independently 
™ of one another. 
Homology.—Corresponds to the similarly named muscle of man (Gadow, 
1891, p. 197). 


, Comparison.—The flexor hallucis longus is present in all forms. It is 
= usually much weaker than in the crow, but in the hawks and owls especially 
E it is very powerful. 
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Strongly developed Very weak 
Fregata avia 
Buteo Chen 
Falco Totanus 
Chaetura Larus 
Bubo Uria 
Olus Coccyzus 
Colaptes 
Dryobates 
Tyrannus 
Corvus 


In most forms the origin is by a single head from the Regio intercon- 
dyloidea, usually closely fused with the perforated flexors. The following is 
a synopsis of the forms in which the muscle is two-headed: 

Buteo, Falco—From the postero-lateral side of the femoral shaft immediately above 
the external condyle; from the Regio intercondyloidea and joint capsule. 


Bubo, Otus—Main head from the Regio intercondyloidea; a small anterior head from 
the capsular ligament on the posterior side of the knee joint. 


Colaptes, Dryobates—From the Regio intercondyloidea; from the Caput fibulae and 
much of the fibular shaft. 


Tyrannus, Corvus—Main head from the Regio intercondyloidea; a small head from 
the external condyle. 
In Tyrannus and Corvus the biceps tendon passes between the two heads 
of the F. hal. 1. In all others the entire muscle is medial to the biceps. 


The tendon of insertion in many birds perforates the sheath-like tendon of 


the F. hal. brev., very much as in the crow. This is clearly the case in the 
following: 


Fregata Pedioecetes Colaptes 
Sula Colinus Drvyobates 
Ardea Zenaidura Tyrannus 
Cathartes Coccyzus orvus 


Owing to the minute size of the F. hal. brev. in the crow this perforation 
is difficult to demonstrate. However, in Tyrannus, in which the F. hal. brev. 
is well developed, the perforstion is very easily observable. 


The small fibro-elastic branch from the main tendon, which has been de- 
scribed for the crow, occurs in most forms. It is probably of little or no 
importance taxonomically. 


For a more detailed treatment of the insertion of the F. hal. I. see the 
foregoing muscle. 


M. popLitEus (Pop.) 
M. popliteus—Gadow (1891, p. 176). 


Description —(for the great horned. owl—Bubo virginianus ).—This short 
thick muscle is fleshy throughout and arises from the posterior border of the 
neck of the fibula, immediately above the insertion of the Bic. fem. Insertion 
is on the posterior surface of the shaft of the tibia almost directly opposite 
the origin (Fig. 66). The muscle is somewhat triangular in shape with the 
base on the fibula and the apex on the tibia. It is only about as long as the 


width of the tibial shaft. 
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The M. popliteus is deeply situated against the bone and is visible only 
after the removal of the other posterior muscles of the shank. 


Action.—Draws the fibula slightly toward the tibia. 


Homology.—Homologous to the M. popliteus of man—Gadow (1891, 
p- 209). 

Comparison.—The popliteus is present in all forms examined with the 
exception of Chaetura, Colaptes, Dryobates, Tyrannus, and Corvus. It is 
always small and simple and in most forms shows about the same condition 
as in Bubo. It is comparatively weak and narrow in Sula, Chen, Larus, and 
Chordeiles. In Colymbus it is wide and flat, being almost twice as wide as 
long. Usually the fibular and tibial attachments are directly opposite as in 
Bubo, but in the following the muscle runs diagonally from the fibula down 
to a more distal point on the tibia: Sula, Chen, Totanus, Larus, Chordeiles. 


M. EXTENSOR HALLUCIS LONGUS (Ext. hal. 1.) 


Extensor hallucis brevis—Shufeldt ‘ (1890, p. 218). 
M. extensor hallucis brevis—Gadow (1891, p. 197). 


Description (for the crow and raven) .—This is one of the smallest muscles 
of the leg. It arises fleshy from the antero-internal border of the proximal 
end of the tarso-metatarsus (Figs. 9, 10). The belly is very long and slender 
and extends down the antero-internal side of the tarso-metatarsus for more 
than half the length of that bone (Figs. 5, 30-34). Below, the muscle ter- 
minates in a weak and flattened tendon which runs close to the bone, obliquely 
backward along the posterior side of the first metatarsal (Figs. 35-37). It con- 
tinues distally along the dorsal side of the hallux to its insertion on the distal 
phalanx (Figs. 10, 38). 

In these two birds the tendon passes through a heavy fibro-elastic mass of 
tissue on the dorsal side of the hallux near the distal end of the proximal 
phalanx (Figs. 17, 38). This tissue and the tendon of the Ext. hal. |. insert 
together on the base of the unguinal phalanx. The structure of this elastic 
tissue is such that it functions as an extensor of the claw and, therefore, as an 
antagonist of the F. hal. 1. When the tension on the big flexor tendon is 
relaxed this elastic ligament automatically elevates the claw. It appears that 
this spring-like device serves the purpose of compensating for the lack of a 
strong hallucial extensor muscle. I have found no reference to this structure 
in the literature on bird muscles. 


Action.—Weak extension of the hallux. 


Homology.—Gadow (1891, p. 198) states that this muscle corresponds to 
the M. extensor hallucis proprius of mammals and reptiles. The BNA name 
for this muscle is the M. extensor hallucis longus. 


Comparison.—The Ext. hal. I. is one of the most variable of the short toe- 
muscles. It is usually one-headed and follows the same course as in the crow. 
No trace of it was found in Gavia, Colymbus, and Uria (hallux absent). In 
many forms the origin is from most of the length of the tarso-metatarsus, and 


con- 
ig is 
bove 
and 
rom 
ads 
of 
he 
on 
le- | 
Oo 
e 
rt 
le 
n 
e 
| 


52 THE AMERICAN MIDLAND NATURALIST 


the muscle is at least partly fleshy all the way to the base of the hallux. This 
condition is found in the following: 


Fregata Cathartes Grus 
Sula Pedioecetes Fulica 
Ardea Colinus Chordeiles 


In Larus and Sterna antillarum there are two widely separated heads of 
origin: a very small belly arises from the anterior side of the tarso-metatarsus, 
adjacent and medial to the insertion of the Tib. ant. This sends down a long 
slender tendon very much as in the crow. The larger distal head arises from 
the posterio-medial edge of the tarso-metatarsus, below the middle of this bone; 
also in part from the small Met. I. The tendon of the long head merges with 


the belly of the short head near the base of the hallux. 


In Chen and Totanus (Fig. 61) the muscle is short and weak, being lim- 
ited to the distal half of the tarso-metatarsus. The origin in these birds is 
from the postero-medial side and has no connection with the anterior surface 
of the tarso-metatarsus. In the following the origin is from the antero- 


proximal side only: Buteo, Falco, Coccyzus, Colaptes, Dryobates, Tyrannus, 
Corvus. 


The muscle is very peculiar in Zenaidura, being double almost all the 
way. The long head arises from the antero-medial side of the proximal end 
of the tarso-metatarsus, and inserts as usual on the base of the bony claw. 
The short head arises from the postero-medial side of the bone and inserts by 
an independent tendon on the outer side of the hallux, near the base of the 
proximal phalanx. Columba livia shows the same condition. 


In Bubo and Otus (Fig. 55) this muscle arises by two heads, a small one 
from the proximal end of the tarso-metatarsus on the antero-medial side, and a 
much larger head which has no connection with the tarso-metatarsus, but arises 
from the anterior surface of the internal malleolus of the tibio-tarsus and the 
adjacent fibrous loop for the Ext. dig. 1. The two bellies unite below and 
only one tendon is formed. 


The Ext. hal. 1. is very powerful in Buteo and originates by two heads 
from the antero-proximal surface of the tarso-metatarsus. The outer head 
passes lateral to the tendon of the Tib ant. The medial head is large and 
wraps sheath-like around the tendon of the Ext. dig. 1. The two form short 
tendons which fuse a little above the middle of the tarso-metatarsus. Falco 
(Fig. 54) differs from Buteo in that the medial head does not form a sheath 
about the tendon of the Ext. dig. I. 


The insertion in some bitds is mainly on the base of the proximal phalanx 
of the hallux, but in all cases a tendon passes out to the bony claw. Gadow 
(1891, p. 198) is therefore wrong in stating that the insertion is on the base 
of the proximal phalanx. In many forms, as in the crow, the insertion is 
entirely on the base of the unguinal phalanx. In the following the insertion is 


mainly on the base of the proximal phalanx: Fregata, Sula, Grus, Fulica, To- 
tanus, Larus. 
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This M. EXTENSOR PROPRIUS DIGITI 1 (Ext. pro. d. III) 
M. extensor proprius digiti I]]—Gadow (1891, p. 199). 


Description (for the great horned owl—Bubo virginianus )—Arises fleshy 
from an extensive area on the middle of the anterior surface of the tarso- 
metatarsus, extending down almost the entire length of that bone (Figs. 55, 


ds of 59, 63). Proximally the muscle lies lateral to the tendon of insertion of the 
wamaee, Tib. ant. Insertion is on the dorsal side of the proximal end of the first 
: a phalanx of the third digit. 
"oo Above, the Ext. pro. d. III is intimately associated with the more laterally 
yer situated Ext. brev. d. IV. 


Action.—Extension of the third toe. 


, Homology.—Gadow (1891, p. 199) states that this muscle corresponds 
— imperfectly to the dorsal Mm. interossei of mammals. 


eis Comparison—Although Gadow gives two short extensors for the third 


— digit, only one was found in this investigation. In Fregata, Grus, Tyrannus, 
ane and Corvus no short muscle to the third toe was detected. In Gavia, Colym- 
; bus, Cathartes, and Chaetura it is vestigial. It is well developed in the follow- 
ing and extends along most of the length of the tarso-metatarsus: 
| the Ardea Zenaidura Otus 
end r Butorides Coccyzus Colaptes 
-law (Fig. 60) Bubo Drvyobates 
s by Burt (1930) does not give this muscle for the woodpeckers. Nevertheless, 
the it is well developed in all the woodpeckers examined—Colaptes auratus, Dry- 
obates villosus, Melanerpes erythrocephalus, and Sphyrapicus varius. 
ts In Buteo and Chordeiles the Ext. pro. d. III is confined to the distal half 
id . of the tarso-metatarsus. It is very short and weak in the following, being lim- 
oa ited to the distal end of the tarso-metatarsus: 
the Sula Falco Colinus Totanus 
and Chen Pedioecetes Fulica Uria 
In all cases the insertion is on the base of the proximal phalanx. Inser- 
ile tion is on the antero-medial side of the base in Colaptes and Dryobates. 
ee M. EXTENSOR DIGITORUM BREVIS 
ort According to Gadow (1891, p. 209) the following three muscles corre- 
Ico spond to the M. extensor digitorum brevis of mammals: Ext. brev. d. III, 
p ig 
ath Ext. brev. d. IV, and Abd. dig. II. 
M. EXTENSOR BREVIS DiGiTI m1 (Ext. brev. d. III) 
oe M. extensor brevis digiti 1]]—Gadow (1891, p. 199). 
ase Description—Gadow describes this muscle about as follows: 


is This little muscle is for the most part overlooked in describing the short toe extensors. 
It arises rather fleshy from the dorsal surface of the distal fourth or fifth of the tarso- 
metatarsus. On the fibular side it is bounded by the tendon of the M. ext. proprius s. 
e medius dig. II]. It inserts with a broad short tendon on the proximal dorsal border of 
the base of Phal. I, Dig. III. 


( 

‘ 
| 


54 THE AMERICAN MIDLAND NATURALIST 


Action.—Weak extension of the third toe. Bi 


Homology.—According to Gadow (1891, p. 209) this muscle represents a co 
part of the M. ext. brevis dig. of man. However, as he points out, the few 
muscles of the strongly varied bird foot can be but very imperfectly compared 
with the numerous short toe-muscles of the other vertebrates. M 


Comparison.—In no case was more than one short extensor found attached 


to the third toe. Gadow, however, gives two: M. extensor proprius digiti III m 
and M. extensor brevis digiti III. He states that both are well developed and ta 
entirely independent of one another in the Ratitae. This condition apparently br 
does not occur in any other group of birds. It seems probable that the name ( 


M. extensor brevis digiti III should be discarded as a synonym of the M. 
extensor proprius digiti III. The former name was introduced by Gadow 
while the latter had been used by previous writers. It is not uncommon for a 
muscle to be double in certain restricted groups of birds, but this is no valid 
argument for the use of two muscle names. 


M. EXTENSOR BREVIS DIGITI IV (Ext. brev. d. IV) n 
M. extensor brevis digiti IV—Gadow (1891, p. 200). . 


Description (for the great horned owl—Bubo virginianus ).—This muscle 
arises fleshy from the antero-outer side of the tarso-metatarsus, from the prox- j 
imal end to a point about two-thirds the way down the bone. It is bounded 
medially by the Ext. pro. d. III with which it is in intimate contact proximally. 
Distally the strong tendon passes into the outer inter-metatarsal space (erron- 
eously called “intertarsal” space by Gadow—1891, p. 201) on the anterior 
side of the tarso-metatarsus, and inserts on the inner side of the proximal 
phalanx of the fourth toe (Figs. 63, 55, 59). No lateral arm from the ten- 
don is present (as described by Gadow—1891, p. 201). 


Action.—Extension and adduction of the fourth toe. 


Homology.—This muscle, together with the preceding and the following, 
corresponds to the M. extensor digitorum brevis of mammals (Gadow—1891, 


p- 201). 


Comparison—This is one of the most uniform of the foot muscles. It is 
absent in Colaptes, Dryobates, Tyrannus, and Corvus. In most forms it is 
well developed and extends almost the entire length of the tarso-metatarsus. 
In Colymbus the belly is reduced to a thin sheet of connective tissue which 
probably has no power of contraction, although the tendon is well developed. 


In Fregata the muscle is peculiar in having two heads of origin: the main 
one arises from the proximal half of the tarso-metatarsus on the antero-lateral 
side; the medial belly arises as a continuation of a branch from the tendon of 
the Tib. ant., also from the middle of the anterior side of the distal half of 
the tarso-metatarsus. The two heads unite and only one tendon is formed. 


The insertion in all forms is on the medial side of the base of the prox- 
imal phalanx. Before inserting the tendon passes under a bony bridge in the 
outer intermetatarsal space in all except Bubo and Coccyzus. The space in 


| 
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Bubo is roofed over with fibrous connective tissue, but in Coccyzus it is not 
covered at all, hence the very stout tendon is superficial throughout its course. 


M. aspuctor 1 (Abd. dig. II) 
M. abductor digiti 1I—Gadow (1891, p. 201). 


Description (for the great horned owl—Bubo virginianus ).—This short 
muscle arises fleshy from the dorso-medial surface of the distal fourth of the 
tarso-metatarsus, and from the adjacent first metatarsal bone. It inserts by a 
broad tendon on the medial side of the proximal end of Phal I. Dig. II 
(Fig. 63). 

Action.—Abduction of the second toe. 


Homology.—Corresponds to a part of the M. extensor digitorum brevis 
of mammals (Gadow—1891, p. 209). 


Comparison.—Absent in Colaptes, Dryobates, Tyrannus, and Corvus. 
Usually the muscle is short and stout as in Bubo, but in Buteo it extends al- 
most the entire length of the tarso-metatarsus, the origin being from the prox- 
imal two-thirds. In Gavia and Colymbus the Abd. dig. II is reduced to a 
thin tendinous sheet and is probably incapable of contraction. The belly 
reaches up to the middle of the tarso-metatarsus in Fregata, Uria, Zenaidura, 
and Coccyzus. In most cases the origin is partly from Met. I but in the fol- 
lowing there is no connection with this bone: Ardea, Buteo, Larus, Uria (Met. 
I absent), Zenaidura, Chordeiles, and Chaetura. The origin in Falco is _al- 
most wholly from the first metatarsal. The insertion in all cases is on the 
medial side of the proximal phalanx, near its base. 


M. FLEXOR HALLUCIS BREVIS (F. hal. brev.) 


Flexor brevis hallucis—Shufeldt (1890, p. 256). 
M. flexor hallucis brevis—Gadow (1891, p. 202). 

Description (for the crow and raven) .—This is the smallest muscle of the 
pelvic appendage in the species under discussion. It arises from a small area 
on the postero-internal side of the tarso-metatarsus, near the proximal end of 
that bone (Figs. 9, 13). The minute belly is hardly one-seventh of the length 
of the tarso-metatarsus (Fig. 6). The extremely delicate tendon runs down 
superficially on the inner side of the bundle of tendons which passes down the 
posterior sulcus of the tarso-metatarsus (Figs. 32-37). This tendon is so small 
that it can be demonstrated only with difficulty. Farther down it passes, in 
company with the F. hal. |., into the space between the first and second meta- 
tarsal bones. At this point the tendon of the present muscle becomes enor- 
mously enlarged so as to enclose sheath-like the large tendon of the main 
flexor (Fig. 17). This fibro-cartilaginous sheath rides over the distal trochlea 
of the first metatarsal bone and inserts on the base of the proximal phalanx 
of the hallux (Fig. 13); however, it is also attached to the sides of the distal 
end of the first metatarsal. 


As Gadow (1891, p. 202) has pointed out, the F. hal. brev. behaves as a 


“flexor perforatus” of the hallux. 
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Shufeldt overlooked this small muscle in the raven; nevertheless it is 
present in that bird and has the same structure as in the crow, except that it 
is much larger, corresponding to the much larger size of the raven. However, 
Shufeldt (1890, p. 256) described it in the road-runner (Geococcyx californi- 
anus), but did not mention anything about its tendon being perforated by 
that of the F. hal. 1. 

Action.—A weak accessory to the F. hal. 1. in flexing the hind toe. 

Homology.—Gadow (1891, p. 203) states that this muscle corresponds 
to the similarly named one of man. 


Comparison.—This muscle is subject to considerable modification in the 
different taxonomic groups. No trace of it was found in Gavia and Uria 
(hallux absent). It arises from the postero-medial surface of the tarso-meta- 
tarsus as indicated below. 


1. From the proximal end almost or quite to the base of the hallux: 


Fregata Cathartes Zenaidura 
Sula Pedioecetes Chordeiles 
Ardea Colinus Chaetura 


2. From about the proximal third or half: 


Buteo Fulica Coccyzus 
Falco (Fig. 54) Totanus (Fig. 57) Bubo 
Grus Larus Otus (Fig. 


3. From a very small area near the perforated process: 
Colymbus Drvyobates Tyrannus 
Colaptes Corvus 


The F. hal. brev. is usually single throughout but in several forms the 
tendon, and even part of the belly, is double. The following show a definite 
division of the tendon, at least at the lower end: 


Ardea Totanus Otus 
Buteo Larus (Fig. 59) 
Fulica Bubo 


In Ardea the tendon is divided only for a short distance above the inser- 
tion. The two tendons fuse again distally in Ardea and Buteo, consequently 
there is only one point of insertion. They remain separate and insert at dif- 
ferent points in Fulica, Totanus, Larus, Bubo, and Otus. The distal end of 
the belly also is divided in Fulica, Bubo, and Otus. 


In many birds the tendon of insertion is not perforated by the deep 
flexor tendon; in others such a perforation occurs, the tendon of the F. hal. 
brev. wrapping sheath-like around that of the F. hal. |. for a short distance. 


Not perforated by F. hal. 1. Perforated by F. hal. 1. 
Buteo Larus Fregata Zenaidura 
Falco Chordeiles Sula Coccyzus 
Grus Chaetura Ardea Colaptes 
Fulica Bubo Cathartes Drvobates 
Totanus Otus Pedioecetes Tyrannus 

Colinus Corvus 
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In all cases the insertion is on the base of the proximal phalanx of the 
nailux. 
M. appucror picit1 (Add. d. II): 
M. adductor digiti 1]—Gadow (1891, p. 203). 


Description (for the great horned owl—Bubo virginianus ).—Arises mostly 
fleshy from about the proximal third of the posterior sulcus of the tarso-meta- 
tarsus. Below, the wide flat tendon runs straight down the middle of the pos- 
terior sulcus to the groove between metatarsals II and III (Figs. 62, 47, 51). 
It passes into this groove and inserts on the outer side of the extreme base of 
Phal. I, Dig. II. At the proximal end the belly is bounded laterally by the 
Abd. d. IV and medially by the F. hal. brev. 


Action.—Adduction and flexion of the second toe. 


Homology.—According to Gadow (1891, p. 209) the homologue of this 


muscle in other vertebrate classes is not known. 


Comparison.—Absent in Pedioecetes, Colaptes, Dryobates, Tyrannus, and 
Corvus. In the following the Add. d. II arises near the proximal end of the 
tarsus, usually immediately below the perforated process, the tendon being, 
consequently, very long: 


Gavia Falco Coccyzus 
Colymbus Totanus Bubo 
Cathartes Larus Olus 
Buteo Uria 


In Fregata, Sula, Grus, Fulica, Zenaidura, Chordeiles, and Chaetura the 
origin extends from the perforated process to the lower end of the tarso-meta- 
tarsus. The muscle is confined to the distal half or less of the tarso-metatarsus 
in Ardea, Chen, and Colinus. In Phasianus colchicus torquatus it is very 
short, being limited to the distal fourth. 


The insertion in all cases is on the lateral side of the base of the proximal 


phalanx. 


M. LumpricaLis (Lumb.) 
M. flexor brevis digiti I1]—Gadow (1891, p. 204). 


Description (for the green heron—Butorides virescens).—This peculiar 
little muscle arises from the tendons of insertion of the F. dig. |. and the 
F. hal. 1., beginning about one-third the way down the tarso-metatarsus and 
extending to the bases of the fore toes. Distally the muscle becomes gradually 
wider before inserting partly tendinous on the joint pulley and capsule at the 
bases of the third and fourth toes. Throughout its entire length the M. lum- 
bricalis is closely attached to the tendons of the two muscles mentioned above, 
forming more or less of a sheath about them (Fig. 60). 


Action.—Meckel (vide Gadow—1891, p. 204) considered this muscle as 
serving to draw the joint pulley behind in order to protect it from pinching 
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during the bending of the toes. It perhaps also tends to flex the third and 
fourth digits. 

Homology.—Corresponds to one of the Mm. lumbricales of mammals 
(Gadow—1891, p. 204). 

Comparison.—This muscle is often very small and rudimentary, hence it 
is difficult to determine whether it is absent or simply vestigial. It can be 
studied to the best advantage in fresh, unpreserved specimens in which it 
appears pinkish in color. In preserved material it is often so faded that it 
might easily be mistaken for connective tissue. In the following the lumbri- 
calis is well developed and fleshy: Ardea, Butorides, Zenaidura, Coccyzus, 
Chordeiles, and Chaetura. Of these it is strongest in Coccyzus and Chordeiles. 
In the former it arises from the tendon of the F. dig. |., beginning about one- 
third of the way down the tarso-metatarsus. Insertion is on the joint pulley 
for the third toe. In Chordeiles this is a clearly defined, compact little muscle, 
arising by a wide tendon from the anterior surface of the combined deep 
flexor tendon, just above the division into four branches. The stout belly 
inserts as usual on the cartilaginous joint pulley for the third digit. In all 
other forms examined this muscle is either absent or very feebly developed. 


M. appuctor pieit1 1v (Add. d. IV) 
M. adductor digiti 1V—Gadow (1891, p. 204). 
Gadow is apparently the only writer who has mentioned this muscle. A 
tree translation of his description is about as follows: 


This muscle, which is not mentioned in the literature, | have found in only very 
few birds. In Rhea (not seen in the remaining Ratitae) it arises as a very thin muscle 
fibularly beside the M. abductor dig. 1] * and is partly grown together with the M. 
abductor dig. IV. bounding it laterally. Its tendon goes through the Spatium inter- 
tarsale externum to the tibial side of the Basis phal. I and adducts the outer toe besides 
slight plantar flexion. 

In Bucorvus it arose from the distal end of the tarsus; in Ramphastus it was still 
shorter and useless. 

Gadow does not give the homology, this being apparently unknown. 

Comparison.—This is the most poorly defined and rudimentary of all the 
muscles of the pelvic extremity, consequently it is best studied in fresh, un- 
preserved material. It was found to be well developed and fleshy only in 
Phasianus colchicus torquatus. In this bird it arises fleshy from about the 
distal fourth of the posterior surface of the tarso-metatarsus, lying between the 
Add. dig. II and the Abd. d. IV. The little belly inserts mainly on the 
joint pulley for the third toe, but also sends a short tendon into the outer 
inter-metatarsal space. This inserts on the medial side of the base of the 
proximal phalanx of the fourth toe. 

In Grus, Chen, and a few other forms this muscle is apparently represented 
by a small fibro-elastic ligament. 


M. 1v (Abd. d. IV) 
M. abductor digiti 1V—Gadow (1891, p. 205). 
Description (for the great horned owl—Bubo virginianus )—Arises fleshy 


: This is a typographical error. It should read: M. adductor digiti 1]. 
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from the posterior side of the postero-external ridge of the tarso-metatarsus, 
from the proximal end almost to the distal end (Figs. 62, 55, 59). The long 
tendon inserts on the antero-outer side of the base of Phal. I, Dig. IV. The 
belly is bounded medially by the Add. d. II and the bundle of flexor tendons 


which passes down the posterior sulcus of the tarso-metatarsus. 
Action.—Abduction of the outer toe. 


Humology.—Gadow (1891, p. 209) does not give the homology of this 
muscle and apparently nothing is known concerning it. 


Comparison.—Present in all species studied. In the vast majority of forms 
the origin is from a long, narrow line extending down the postero-lateral side 
of almost the entire length of the tarso-metatarsus. It is very stout in Fregata 
and Sula, but in Gavia, Colymbus, Colaptes, Dryobates, Tyrannus and Cor- 
vus, is very weakly developed. This is especially true of the last two genera 
in which the proximal portion of the muscle is represented only by a thin ten- 
dinous cord. However, a short distance above the lower end of the tarso- 
metatarsus there is a small and weak fleshy portion. The origin in Buteo and 
Falco is limited to about the proximal half of the tarso-metatarsus. The entire 
muscle is confined to about the distal two-thirds in Fulica and Chaetura; to 
the distal two-fifths in Chordeiles. In the latter it is very stout. 

Burt (1930) does not give the Abd. d. IV for the woodpeckers. It is 
clearly present, although weakly developed, in all of these birds examined: 
Colaptes auratus, Dryobates villosus, Melanerpes erythrocephalus, and 
Sphyrapicus varius. 

Insertion is always on the lateral side of the base of the proximal phalanx 
of the fourth toe. 


A Proposed Revision of Garrod’s Myological Formula 


Garrod (1874a) proposed a formula for representing the presence and 
absence of certain variable muscles in the thigh of birds. The components of 
his formula were represented as follows: 


A= M. piriformis, Pars caudi-femoralis. 
B= M. piriformis, Pars ilio-femoralis. 
X = M. semitendinosus. 

Y = Accessorius semitendinosi. 


The ambiens was also considered but was not designated by a symbol. 
When the thigh muscle formula is written for a certain group of birds the 
symbols A, B, X and Y represent the presence of the particular muscles for 
which they stand. If any one of these muscles is absent this is indicated by 
omitting the corresponding symbol from the formula. These formulae, which 
were worked out by Garrod for the various orders of birds, have been exten- 
sively quoted in taxonomic works (Gadow—1891, Systematischer Theil; 
Ridgway—1919). 


It is proposed that this formula be amplified as follows: 
A= M. piriformis, Pars caudifemoralis. 
B= M. piriformis. Pars ilio-femoralis. 
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C= M. ilio-trochantericus medius. 

D = UM. glutaeus medius et minimus. 

X = M. semitendinosus. 

Y = Accessorius semitendinosi. 

Am = M. ambiens. 

V =the vinculum connecting the tendon of the flexor perforatus digiti III with that 
of the flexor perforans et perforatus digiti III (Fig. 74). 


It is probable that the P. caud. fem. of the piriformis (A) should never 
have been used in a myological formula, since it is present in almost all birds, 
being absent mainly in certain aberrant genera and species. This is shown on 
Plate XXV of Gadow’s work (1891). Similarly the semitendinosus (X) 
is absent in relatively few groups but it is far more significant than A, being 
absent in all members of several orders. Nevertheless both of these, and espe- 
cially X, should be retained in the formula. The reason for retaining A is 
that it has been very widely quoted in the literature. There are many other 
muscles of the pelvic extremity which are present in most birds but absent in 
a few restricted groups. Outstanding examples are: peronaeus longus, peron- 
aeus brevis, plantaris and popliteus. These, however, do not show enough 
variation to warrant their inclusion in a myological formula. 


The following is a synopsis of the groups in which these formula muscles 
are present and absent (including only the forms examined in the present 
investigation) : 

A (piriformis, P. caud. fem.).— 
Present Absent 
Gavia Colinus Colymbus 
Sula Grus 
Fregata Fulica Chordeiles 
Ardea Totanus Chaetura 
Chen Larus Colaptes 
Cathartes Uria Dryobates 
Buteo Zenaidura Tyrannus 
Falco Coccyzus Corvus 
Pedioeceies 
B (piriformis, P. il. fem.).— 
Present Absent 
Gavia Grus Fregata Otus 
Colymbus Fulica Sula Coccyzus 
Chen Uria Ardea Chordeiles 
Pedioecetes Zenaidura Cathartes Chaetura 
Colinus Buteo Colaptes 
Falco Drvyobates 
Totanus Tyrannus 
Larus Corvus 
Bubo 
C (ilio-trochantericus medius).— 
Present Absent 
Gavia Zenaidura Fregata Totanus 
Colymbus Colaptes Sula Uria 
Cathartes Drvyobates Ardea Coccyzus 
Pedioecetes Tyrannus Chen Chordeiles 
Colinus Corvus Buteo Chaetura 
Larus Falco Bubo 
Grus Otus 
Fulica 
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D (glutaeus medius et minimus). 
Present Absent 
Gavia Colinus Colymbus Colaptes 
Sula Grus Zenaidura Drvyobates 
h Fregata Fulica Coccyzus Tyrannus 
loca Ardea Totanus Chordeiles Corvus 
Chen Larus Chaetura 
lever Cathartes Uria 
irds, Buteo Bubo 
Falco Otus 
(xX) Pedioecetes 
i (semitendinosus). 

i Present Absent 
Gavia Colinus Coccyzus Fregata 
“a Colymbus Grus Chordeiles Buteo 
ther ula Fulica Colaptes Falco 
it in Ardea Totanus Drvyobates Chaetura 
ron- Chen Larus Tyrannus Bubo 
h Cathartes Uria Corvus Otus 

ug, Pedioecetes Zenaidura 


scles 
sent 


Y (accessory semitendinosus). 


Present 


Ardea 
Cathartes 
Pedioecetes 
Colinus 
Grus 
Fulica 


Totanus 


Am (ambiens). 


Larus 
Zenaidura 
Coccyzus 
Chordeiles 
Colaptes 
Tyrannus 
Corvus 


Present 


Gavia 
Sula 
Fregata 
Chen 
Cathartes 
Buteo 
Falco 


Pedioecetes 


Colinus 
Grus 
Fulica 
Totanus 
Larus 
Uria 
Zenaidura 
Coccyzus 


Present 


Gavia 

Sula 

Chen 
Cathartes 
Pedioecetes 
Colinus 


Grus 
Fulica 
Totanus 
Larus 
Zenaidura 


Absent 


Gavia 
Colymbus 
Fregata 
Sula 
Chen 
Buteo 


Falco 
Uria 
Chaetura 
Drvobates 
Bubo 
Otus 


Absent 


Colymbus 
rdea 
Chordeiles 
Chaetura 
Bubo 


Otus 
Colaptes 
Drvobates 
Tyrannus 
Corvus 


Absent 


Colymbus 
Fregata 
Ardea 
Buteo 
Falco 
Uria 
Coccyzus 


Chordeiles 


Chaetura 
ubo 
Otus 
Colaptes 
Drvobates 
Tyrannus 
Corvus 


V (vinculum connecting the tendon of the Flex. per. d. III with that of the F. p. 
et p. d. III). 


The eight components of this muscle formula are found in various com- 
binations in the different taxonomic groups of birds. The combinations 
encountered, together with the birds showing them, are given below. 
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ABCDXYAmV.—Pedioecetes, Colinus ABCXY AmV.—Zenaidura 


ABDXYAmV.—Grus, Fulica ACDXYAmV.—Cathartes, Larus 
ABCDXAmV.—Gavia ABDXAmV.—Chen 
ADXYAmV.—Totanus ABDXAm.—Uria 
ADXAmV.—Sula AXYAm.—Coccvzus 
ACXY.—Colaptes, Tyrannus, Corvus ADXY.—Ardea, Butorides 
ADAm.—Fregata, Buteo, Falco ACX.—Drvobates 

AXY. Chordeiles BCX.— Colymbus 

AD.—Bubo, Otus 

A.—Chaetura 


It will readily be seen that these combinations may lead to very artificial 
groupings of very dissimilar birds (Garrod—1874a, p. 114). It would be 
ridiculous to suppose that Fregata, for example, is closely related to the birds 
of prey simply because it has the same muscle formula. However, such con- 
siderations by no means condemn a proper use of myological formulae. These 
furnish a concise expression of myological peculiarities and, to a limited ex- 
tent, a measurement of specialization by reduction, assuming that all of these 
eight characters were present in the primitive ancestral bird. The fact that all 
are present in the fowls (Pedioecetes and Colinus), birds that are notoriously 
generalized, is a strong argument in support of such a view. In any event 
these formulae can at least serve as aids in characterizing the higher groups 


of birds. 

Gadow (1891, p. 208), in summing up the significance of myological 
formulae, states in effect that such considerations could be of taxonomic value, 
although also misleading; they can at least give the first blow to the assumed 
relationship of doubtful genera, but the majority of cases compel us to attrib- 
ute no great significance to them. 

Myological characters are of taxonomic value only when they are employed 
with due regard to all other known morphological facts (Garrod—1874a, p. 
114). In the case already cited of Fregata and the birds of prey, it is a simple 
matter to show by osteological and other means that, although these birds 
have the same formula (ADAm), they are by no means closely related, but 
have independently acquired the same formula by reduction. However, it is 
unnecessary in this case to fall back upon osteological and other characters in 
order to prove the great dissimilarity between these two groups. An examina- 
tion of the entire musculature of the pelvic limb discloses in many ways a 
radical disagreement. 

It is widely believed—and this is reflected in the current classification— 
that the woodpeckers and perching birds are very closely related. This view- 
point is supported by an examination of the myology of the pelvic limb. The 
formulae not only closely agree (ACX and ACXY in the woodpeckers; 
ACXY in the Passeriformes) but a close study of all the pelvic muscles shows 
a very striking similarity. 

It has long been considered that the owls and the goat-suckers are some- 
what closely allied and these groups are placed close together in contemporary 
avian classification. However, there is nothing in the pelvic myology of these 
birds to confirm this belief, at least as far as the species examined in this in- 
vestigation are concerned. Not only are the formulae radically different 
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(AXY for Chordeiles and AD for Bubo and Otus) but the general muscu- 
lature of the hind limb is vastly different in the two groups. 

The few cases cited above serve to illustrate the possibility of applying 
myological characters in a study of taxonomic relationships. An enormous 
amount of work is yet to be done before such comparisons can lead to very 
definite conclusions. 

Garrod (1874a, p. 116) considered the presence or absence of the ambiens 
muscle so significant that he divided the Class Aves into two subclasses on 
this basis. Those groups possessing the ambiens were placed in the Sub- 
class Homalogonatae (typically kneed) and those lacking it in the Subclass 
Anomalogonatae (abnormally kneed). This classification has not been ac- 
cepted and there is no reason to suppose that the ambiens is any more signifi- 
cant than any one of several variable muscles of the pelvic limb. 


A Synopsis of the Outstanding Modifications of the Muscles of the 
Pelvic Limb in the Various Species of Birds Studied 
Order Gaviiformes Family Gaviidae 


Common loon (Gavia immer) 


Myological Formula: ABCDXAmV. 


Absent: Accessory semitendinosus. — Extensor hallucis longus. — Flexor 
hallucis brevis. 
Rudimentary: Extensor proprius digiti II]—Abductor digiti II. 


Deep Flexor Tendons: fuse completely. The common tendon gives off 
three branches below, one to each fore toe—none to the hallux (Fig. 71). 


This is Gadow’s Type IV (1891, p. 195). 


Other Important Modifications: the tendon of insertion of the ambiens 
passes lateral to the II. tib.; Sar. has an isolated insertion directly on the bone 
on the medial surface of the Caput tibiae; biceps inserts about midway the 
shank; Semit. inserts by a long slender tendon; Add. long single, inserting by 
a short tendon on the medial side of the distal end of the femur; Tib. ant. 
with a small accessory tendon of insertion; Per. long. not connected below with 
the Flex. per. d. III; Gas. enormously developed, with two tendons which 
unite above the tibial cartilage; P. ext. M. gas. arises from the distal half of 
the femoral shaft; the P. int. two-headed from the proximal half of the tibia, 
the Semim. inserting between them; insertion of Flex. per. d. II not clearly 
perforated; origin of the Flex. per. d. IV extends halfway up the femur; 
F. p. et p. d. II three-headed; Add. d. II originates from the perforated 
process and just below it, tendon very long; all of the toe flexors pass through 
the perforated process in a large common canal. 


Order Colymbiformes Family Colymbidae 
Eared grebe (Colymbus nigricollis californicus ) 


Myological Formula: BCX. 


Absent: Glutaeus medius et minimus. — Ambiens. — Piriformis, P. caud. 
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fem. — Accessory semitendinosus. — Semimembranosus. — Peronaeus _ brevis. 
— Flexor perforatus digiti II. — Extensor hallucis longus. 

Rudimentary: Extensor proprius digiti III. — Extensor brevis digiti IV. — 
Abductor digiti IT. 

Deep Flexor Tendons: these fuse and the common tendon trifurcates be- 
low, no branch going to the hallux. Gadow’s Type IV (1891, p. 195). 

Other Important Modifications: the Sar. has an isolated insertion directly 
on the bone on the medial side of the Caput tibiae as in Gavia; Il. tib. with 
two heads of origin; biceps completely concealed by the II. tib.; Add. long. 
consists of a P. ext. and P. int.; Tib. ant. with a small accessory tendon of 
insertion; Per. long. inserts only on the tibial cartilage; Gas. with two tendons 
which unite above the tibial tartilage; P. int. M. gas. two-headed, arising from 
a long line down the proximal half of the tibia as in Gavia; Add. d. II arises 
just below the perforated process, the tendon very long; F. p. et p. d. II, 
F. hal. L., and F. dig. 1. pass through the perforated process. 


Order Pelecaniformes Suborder Pelecani Family Sulidae 
Brewster’s booby (Sula brewsteri) 


Myological Formula’ ADXAmV. 

Absent: Only one ilio-trochantericus muscle present. — Piriformis, P. il. 
fem. — Accessory semitendinosus. — Peronaeus brevis. 

Rudimentary: Extensor proprius digiti III. 

Deep Flexor Tendons: simple vinculum—Gadow’s Type I (1891, p. 195). 

Other Important Modifications: P. caud. fem. of piriformis with a long 
narrow tendon of insertion; Semim. and Semit; insert in common; Add. long. 
consists of a P. ext. and P. int.; Tib. ant. without an accessory tendon of in- 
settion; Per. long. arises from the lateral tibial crest and a long line down the 
fibular shaft; Gas. with a single tendon; Flex. per. d. III one-headed; the ten- 
don of the F. hal. |. perforates that of the F. hal. brev.; popliteus narrow and 
weak; Ext. hal |. arises from most of the length of the tarso-metatarsus, the 
insertion mostly on the base of the proximal phalanx; F. hal. brev. arises from 
most of the length of the tarso-metatarsus; Add. d. II with origin from most 
of the length of the tarso-metatarsus, the tendon very short; only the F. dig. I. 
and the F. hal. |. pass through the perforated process. 


Order Pelecaniformes Suborder Fregatae Family Fregatidae 
Man-o’-war-bird (Fregata magnificens ) 
Myological Formula: ADAm. 


Absent: Ilio-trochantericus medius. — Piriformis, P. il. fem. — Semiten- 
dinosus. — Accessory semitendinosus. — Extensor proprius digiti III. 

Rudimentary: Ilio-tibialis. 

Deep Flexor Tendons: fuse completely. Four tendons given off below. 


Gadow’s Type V (1891, p. 195). 
Other Important Modifications: Fem. tib. int. with the tendon of insertion 
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bifurcated; P. ext. of Add. long. small; the accessory tendon of insertion of the 
Tib. ant. forms one of the heads of origin of the Ext. brev. d. IV; Per. long. 
arises from the lateral tibial crest and the shaft of the fibula; Per. brev. very 
short and giving off an extra tendon which fuses with the tendon of the Per. 
long.; proximal portion of Gas. tendon single; distal portion of Gas. tendon 
bifurcated; the Flex. per d. II sends a branch to the base of the hallux; Flex. 
per. d. III one-headed; at the heel joint the tendon of the F. hal. 1. lies direct- 
ly behind that of the F. dig. 1.; the main flexor of the hallux perforates the 
tendon of the F. hal. brev.; Ext. hal. |. arises from most of the length of the 
tarso-metatarsus, inserting mostly on the base of the proximal phalanx; Ext. 
brev. d. IV two-headed; perforated process absent, the two deep flexors simply 
passing through incompletely ossified grooves. 


Order Ciconiiformes Suborder Ardeae Family Ardeidae 
Great blue heron (Ardea herodias ) 


Myological Formula: ADXY. 
Absent: Ilio-trochantericus medius. — Ambiens. — Piriformis, P. il. fem. 
Rudimentary: None. 


Deep Flexor Tendons: vinculum simple and very feebly developed. Type 
I of Gadow (1891, p. 195). 

Other Important Modifications: Fem. tib. ext. independently developed, 
arising from the distal half of the femur; Add. long. consists of a P. ext. and 
P. int.; Tib. ant. with a small accessory tendon of insertion; Gas. with a single 
tendon; Flex. per. d. III one-headed; Flex. per. d. IV two-headed, also at- 
tached to fibular shaft; origin of the F. p. et p. d. III connected with fibular 
shaft; tendon of the F. hal. |. perforates that of the F. hal. brev.; Ext. hal. 1. 
fleshy ail the way to the base of hallux; Abd. dig. II not connected with Met. 
I; tendon of the F. hal. brev. double for a short distance; Add. d. II confined 
to distal half of tarso-metatarsus; lumbricalis well developed and fleshy; fleshy 
portions of shank muscles limited mainly to the proximal half of the tibio- 
tarsus, the tendons very long; no perforated process but the F. dig. I. and the 
F. hal. 1. pass through incompletely ossified bony grooves. 


Order Anseriformes Suborder Anseres Family Anatidae 
Lesser snow goose (Chen hyperborea) 


Myological Formula: ABDXAmV. 

Absent: Ilio-trochantericus medius. — Accessory semitendinosus. 

Rudimentary: Flexor hallucis brevis. — Lumbricalis. 

Deep Flexor Tendons: the two tendons fuse but at the point of fusion 
the F. hal. I. sends a weak branch to the hallux. Type II (Gadow—1891, 
p. 195). 

Other Important Modifications: ambiens with a broad origin from the 
pubis; Semim. arises from the midventral portion of the ischium; Bic. fem. 
arises from about the anterior half of the post-acetabular ilium; Isch. fem. 
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arises from about the anterior half of the ischium; Add. long. consists of a 
P. ext. and P. int.; Tib. ant. with a small accessory tendon of insertion; Gas. 
with two separate tendons which fuse above the tibial cartilage; P. med. M. gas. 
forms a slender tendon which fuses below with the P. int.; P. int. M. gas. 
extends around the front of the knee; insertion of the Flex. per. d. II not 
perforated at all; Flex. per. d. III two-headed; F. p. et p. d. III not con- 
nected with shaft of fibula; tendon of F. hal. 1. does not perforate that of the 
F. hal. brev.; popliteus diagonal and narrow; Ext. hal. 1. very weak and con- 
fined to the distal half of the tarso-metatarsus; Ext. pro. d. III limited to the 
distal fourth of the tarso-metatarsus. Perforated process: only the F. dig. | 
passes through a bony canal 


Order Falconiformes Suborder Cathartae 


Family Cathartidae: Turkey vulture (Cathartes aura septentrionalis ) 
Myological Formulas ACDXYAmvV. 

Absent: Piriformis, P. il. fem. 

Rudimentary: Extensor proprius digiti III. — Lumbricalis. 


Deep Flexor Tendons: the two unite firmly and there is no vinculum. The 
common tendon gives off four branches below, the smallest to the hallux, the 
largest to the medius digit. Type V (Gadow—1891, p. 195). 

Other. Important Modifications: Il. tib. with post-acetabular portion well 
developed, overlapping most of the Bic. fem.; Add. long. consists of a P. ext. 
and P. int.; Semit. arises mainly from the ischium; Tib. ant. without an acces- 
sory tendon of insertion; Per. long. very wide, arising from the entire anterior 
tibial crest and a long line down the lateral side of the fibula; Gas. with an 
undivided tendon of insertion; P. int. M. gas. extends around the front of 
knee; Plantaris typical, with a long slender tendon; insertion of the Flex. per. 
d. II not perforated at all; Flex. per d. III arises from the Regio intercondy- 
loidea in common with the Flex. per. d. IV; tendon of Flex. per. d. IV tri- 
furcated, inserting mainly on the bases of phalanges II, III, and IV; belly of 
F. dig. |. typical, not visible superficially on the lateral side of the shank; 
belly of the F. hal. |. lies anterior to the common head of origin of the Flex. 
per. d. III and IV; Ext. hal. 1. one-headed, fleshy all the way to base of 
hallux; Abd. dig. II confined to the distal third of the tarso-metatarsus, aris- 
ing from Met. I and I; F. hal. brev. arises from almost the entire length of 
the tarso-metatarsus, tendon undivided but clearly perforated by the F. hal. 1.; 
no perforated process. 


Order Falconiformes Suborder Falcones 
Family Accipitriidae: *Mississippi kite (Ictinia misisippiensis ). 
Cooper’s hawk (Accipiter cooperi). 
Red-tailed hawk (Buteo borealis ). 


Swainson’s hawk (Buteo swainsoni). 


Marsh hawk (Circus hudsonius ). 


* The part of the leg below the intertarsal joint not available since the specimen 
was used for a study skin. 
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Family Falconidae: *Prairie falcon (Falco mexicanus). 


Duck hawk (Falco peregrinus anatum). 
Sparrow hawk (Falco sparverius ). 
Myological Formula: ADAm. 


Absent: Ilio-trochantericus medius. — Piriformis, P. il. fem. — Semitendi- 
nosus. — Accessory semitendinosus. — Plantaris absent in Accipitriidae, present 
in Falco. 


Rudimentary: Extensor proprius digiti III in Falco (well developed in 
Accipitriidae) . — Lumbricalis. 


Deep Flexor Tendons: in addition to the extensive vinculum there is also 
a heavy tendinous connection between the lower end of the tendon of the F. 
hal. 1. and the branch from the main flexor tendon passing to the index digit. 
Type III (Gadow—1891, p. 195). 


Other Important Modifications: Il. tib. not connected with the post- 
acetabular ilium, also does not overlap the Bic. fem.; Add. long. consists of a 
P. ext. and P. int.; Tib. ant. connected to tibial shaft for a long distance, 
also has an accessory tendon of insertion; Per. long. arises from a long line 
down the lateral side of the fibular shaft; insertion of the Flex. per. d. II not 
perforated at all; Flex. per. d. III two-headed; tendon of F. hal. |. lies directly 
behind that of the F. dig. |. at the heel joint; F. hal. 1. two-headed, one from 
the shaft of the femur just above the condyles, the other from the Regio inter- 
condyloidea; Ext. hal. |. two-headed; tendon of insertion of F. hal. brev. not 
perforated by that of the F. hal. 1.; Add. d. II weak, with a long tendon of 
insertion; origin of the Abd. d. IV restricted to the proximal half of the tarso- 
metatarsus. Perforated process: none—no tendons pass through bony canals. 


In addition to the common characters given above the Accipitriidae and 
Falco differ in several features. These are listed below. 


Ambiens.—The tendon of insertion in the Accipitriidae passes medially to 
the tendon of the Bic. fem. In Falco it passes laterally to this tendon. This 
latter condition was observed in no other bird. 


Femori-tibialis internus.—Reaching farther proximally than the insertion 
of the iliacus in the Accipitriidae; much shorter in Falco. 


Semimembranosus.—Typical in the Accipitriidae; double in Falco. 


Gastrocnemius.—In the Accipitriidae the proximal end of the tendon of 
insertion is double, the two tendons uniting above the tibial cartilage. The 
tendon is undivided in Falco. 


Plantaris—Absent in the Accipitriidae. Powerfully developed in Falco. 


Flexor perforatus digiti III—Arises in common with the posterior head 
of the Flex. per. d. IV in the Accipitriidae. Arises in Falco by a long inde- 
pendent tendon. 


of a 
; Gas. 
Bas. 
gas. 
I not 
con- | 
of the 
1 con- 
o the 
dig. | 
| 
men y 
q 


68 THE AMERICAN MIDLAND NATURALIST 


Flexor perforatus digiti IV.—In the Accipitriidae the posterior head arises 
from the Regio intercondyloidea in common with the preceding muscle. In 


Falco this head is lacking. 


Flexor perforans et perforatus digiti III.—Arises in the Accipitriidae only 
from the tibial crest and the adjacent patellar tendon. In Falco it arises in 
addition from a long line down the shaft of the fibula. 


Flexor digitorum longus.—Powerfully developed in the Accipitriidae, much 
of the belly being visible superficially on the lateral side of the shank. In 


Falco the muscle is typical—much smaller and no part visible superficially. 


Extensor hallucis longus.—In the Accipitriidae the medial head forms a 


fleshy sheath about the tendon of the Ext. dig. 1. This is not the case in Falco. 
Extensor proprius digiti III.—Confined to the distal half or third of the 


tarso-metatarsus in the Accipitriidae. Rudimentary in Falco, limited to about 
the distal eighth of the tarso-metatarsus. 


Abductor digiti II—Extends almost the entire length of the tarso-meta- 
tarsus in the Accipitriidae and has no connection with Met. I. Limited to 
about the distal fourth of the tarso-metatarsus in Falco and arising almost 
wholly from the first metatarsal bone. 


Flexor hallucis brevis —The tendon of insertion is distinctly double in the 
Accipitriidae, especially at the lower end; in Falco the tendon is undivided. 


Order Galliformes Suborder Galli 


Family Tetraonidae: Sharp-tailed grouse (Pedioecetes phasianellus ). 
Family Perdicidae: Bob-white (Colinus virginianus ). 
Myological Formula: ABCDXYAmV. 
Absent: Adductor digiti II in Pedioecetes, present in Colinus. 
Rudimentary: none. 


Deep Flexor Tendons: connected by a simple vinculum. Type I (Gadow 
—1891, p. 195). 


Other Important Modifications: Add. long. consists of a P. ext. and P. 
int.; no accessory tendon of insertion to the Tib. ant.; P. int. M. gas. extends 
around the front of the knee; tendon of Gas. single; Flex. per. d. III two- 
headed, the two forming separate tendons which unite above the tibial carti- 
lage; Flex. per. d. IV two-headed, the biceps tendon passing between them; 
F. p. et p. d. III not connected with shaft of fibula; the tendon of F. hal. 1. 
perforates that of the F. hal. brev.; Ext. hal. 1. arises from most of the length 
of the tarso-metatarsus; Ext. pro. d. III limited to the distal third of the tarso- 
metatarsus. Perforated process: only three tendons pass through bony canals. 
In Pedioecetes these are the F. p. et p. d. II, F. hal. 1, and F. dig. 1. In 
Colinus these are the Flex. per. d. II, F. p. et p. d. II, and F. dig. 1. 


Pedioecetes and Colinus differ in the following respects: 
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Obturator internus.—Typical in Pedioecetes; in Colinus it arises as usual 
and also from the ventral surface of the latero-posterior portion of the ilium. 
Phasianus colchicus torquatus agrees with Colinus. 

Flexor digitorum longus.—In Pedioecetes connected with the anterior 
tibial crest; typical in Colinus. 

Adductor digiti II—Absent in Pedioecetes; present in Colinus (and 
Phasianus colchicus torquatus ). 

In Pedioecetes the bellies of many of the shank muscles contain longitudinal 
splinters of bone. There are none in Colinus. 


Order Gruiformes Suborder Grues 


Family Gruidae: Little brown crane (Grus canadensis). 
Family Rallidae: American coot (Fulica americana). 


Myological Formula: ABDXYAmV. 
Absent: Ilio-trochantericus medius. 
Rudimentary: Extensor proprius digiti III. 


Deep Flexor Tendons: connected by a simple vinculum. Type I (Gadow 
—1891, p. 195). 

Other. Important Modifications: Fem. tib. ext. independently developed; 
Semit. has no connection with the caudal vertebrae; Add. long. consists of a 
P. ext. and P. int.; P. int. M. gas. runs around the front of the knee; Flex. 
per. d. IV two-headed, the biceps tendon passing between them; F. p. et p. d. 
III not connected with the shaft of fibula; F. hal. 1. does not perforate the 
tendon of the F. hal. brev.; Ext. hal. |. arises from most of the length of the 
tarso-metatarsus, insertion mainly on the base of the proximal phalanx; many 
of the shank muscles have longitudinal splinters of bone running through 
the bellies; perforated process poorly developed, only the F. dig. |. passing 
through a bony canal in Grus, the F. dig. 1. and Flex. per. d. II in Fulica. 


Grus and Fulica differ as follows: 

Ambiens.—Typical in Grus; the belly partly double in Fulica (also in 
Porzana carolina). 

Obturator internus.—Typical in Grus; in Fulica double, with the lateral 
head arising from the ventral surface of the postero-lateral portion of the 
ilium. Porzana carolina agrees with Fulica. 

Tibialis anterior—A small accessory tendon of insertion in Fulica but not 
in Grus. 

Gastrocnemius.—Tendon of insertion single in Grus, two independent 
tendons in Fulica—these fuse above the tibial cartilage. 

Flexor perforatus digiti III—In Grus the two bellies fuse and only one 
tendon is formed. In Fulica the bellies form separate tendons which fuse 
below. 


d arises 
le. In 
ae only 
rises in | 
much , 
ik. In 
lly. 
orms a 
of the 
| 


THE AMERICAN MIDLAND NATURALIST 


Order Charadriiformes | Suborder Charadrii 
Family Scolopacidae: Greater yellowlegs (Totanus melanoleucits ). 
Lesser yellowlegs (Totanus flavipes ). 
Myological Formula: ADXYAmV. 


Absent: Ilio-trochantericus medius. — Piriformis, P. il. fem. 
Rudimentary: Extensor proprius digiti III. 


Deep Flexor Tendons: connected by a simple vinculum. Type I (Gadow 
—1891, p. 195). 

Other Important Modifications: Fem. tib. ext. independently developed; 
Add. long. consists of a P. ext. and P. int.; Tib. ant. with a small accessory 
tendon of insertion; P. int. M. gas. extends around the front of the knee; 
Gas. with two tendons which unite above the tibial cartilage; the two heads 
of the Flex. per. d. III unite, forming only one tendon; Flex. per. d. IV two- 
headed, the biceps tendon passing between them; F. p. et p. d. III not con- 
nected with the shaft of fibula; Ext. hal. 1. confined to the distal half of the 
tarso-metatarsus; F. hal. brev. with the tendon of insertion double distally, not 
perforated by F. hal. I.; Add. d. II arises just below the perforated process, the 
tendon being very long; only the F. dig. |. passes through the perforated 
process; fleshy portion of shank muscles confined to the proximal half of the 
tibio-tarsus, tendons very long. 


Order Charadriiformes Suborder Lari Family Laridae 
Franklin’s gull (Larus pipixcan). 
Myological Formula: ACDXYAmV. 
Absent: Piriformis, P. il. fem. 
Rudimentary: Extensor proprius digiti III. 


Deep Flexor Tendons: the two tendons fuse and the common tendon 

trifurcates below, no branch going to the hallux. Type IV (Gadow—1891, 
195). 

. Other Important Modifications: Fem. tib. ext. independently developed; 
Add. long. shows only very faint indications of a division into a P. ext. and 
P. int.; Tib. ant. without an accessory tendon of insertion; belly of the Per. 
long. not superficial but covered by other muscles, the origin connected with 
the shaft of the tibia and fibula; P. med. M. gas. arises by a long slender ten- 
don; P. int. M. gas. extends around the front of the knee; the Gas. forms 
two distinct tendons which unite above the tibial cartilage; the two heads of 
the Flex. per. d. III unite, forming only one tendon; Flex. per. d. IV two- 
headed, the biceps tendon passing between them; F. p. et p. d. II arises from 
the entire anterior crest of the tibia; F. p. et p. d. III not connected with the 
shaft of the fibula; popliteus narrow and weak; Ext. hal. |. arises by two heads, 
inserts mainly on the proximal phalanx; F. hal. brev. with the tendon double 
at the lower end and not perforated by the tendon of the F. hal. 1.; Abd. dig. 
II not connected with Met. I; Add. d. II arising just below the perforated 
process, tendon long and slender; fleshy portions of the shank muscles con- 
fined mainly to the proximal half of the tibio-tarsus, the tendons very long: 
only the F. dig. I. passes through the perforated process. 
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Order Charadriiformes Suborder Alcae Family Alcidae 


) California murre (Uria aalge californica) 
Myological Formula: ABDXAm. 


Absent: Ilio-trochantericus medius. — Accessory semitendinosus. — Exten- 


sor hallucis longus. — Flexor hallucis brevis. 
ad Rudimentary: Ambiens. — Extensor proprius digiti III. 
— Deep Flexor Tendons: the two tendons fuse and the common tendon 
_" trifurcates below. Hallux absent. Type IV (Gadow—1891, p. 195). 
SSOTY Other Important Modifications: the minute ambiens tendon does not pass 
knee; the knee joint; Add. long. undivided; Tib.ant. without an accessory tendon 
neads of insertion; Per. long. connected with the shaft of the fibula; P. int. M. gas. 
two- double, the Semim. inserting between the two heads; P. int. M. gas. extends 
con- around the front of the knee; Gas. with two distinct tendons which unite 
f the above the tibial cartilage; Flex. per. d. II arises from the shaft of the fibula, 
, not the tendon of insertion not perforated; the two heads of the Flex. per. d. III 
, the form separate tendons which fuse above the tibial cartilage; Flex. per. d. IV 
rated one-headed and attached to the shaft of the fibula; F. p. et p. d. III attached 
F the to a long line down the fibular shaft; Abd. dig. II extends halfway up the 

tarso-metatarsus; Add. d. II arises just below the perforated process, tendon 

long; the two deep flexors pass through incompletely ossified grooves but 

there is no perforated process. 

Order Columbiformes Suborder Columbae Family Columbidae 
Mourning dove (Zenaidura macroura) 

don Myological Formula: ABCXYAmV. 
891, Absent: Glutaeus medius et minimus. 
alk Rudimentary: none. 
al Deep Flexor Tendons: connected by a simple vinculum. Type I (Gadow 


Der. -1891, p. 195). 


vith , Other Important Modifications: Fem. tib. ext. independently developed; 
ren- the P. caud. fem. of the piriformis arises thick and mostly fleshy from the 
rms coccyx; Add. long. a single undivided sheet; Tib. ant. without an accessory 
- of tendon of insertion; Per. long. attached to a long line down the shaft of the 
wo- fibula; Per. brev. short, limited to the distal half of the tibio-tarsus; Gas. with 
om a single tendon; the two branches to the tendon of insertion of the Flex. per. 
the d. IV are separately perforated; F. p. et p. d. III attached to a long line down 
ds, } the fibular shaft, the two branches to the tendon of insertion separately per- 
ble forated; tendon of the F. hal. |. perforates that of the F. hal. brev.; Ext. hal. 1. 
lig. double, the two parts inserting separately; Ext. pro. d. III confined to the 
ted distal two-thirds of the tarso-metatarsus; F. hal. brev. arises from most of the 
on- length of the tarso-metatarsus; Abd. dig. II reaches halfway up the tarso- 
1g: metatarsus, not connected with Met. I; Add. d. II arises from most of the 


length of the tarso-metatarsus; lumbricalis unusually large and muscular. The 


_ 
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perforated process is fairly well developed, the following tendons passing 


through bony canals: F. dig. |., F. hal. 1., Flex. per. d. II, and F. p. et p. d. II. 


Order Cuculiformes | Suborder Cuculi Family Cuculidae 


Yellow-billed cuckoo (Coccyzus americanus ) 


Myological Formula: AXYAm. 

Absent: Ilio-trochantericus medius. —Glutaeus medius et minimus. — 
Piriformis, P. il. fem. 

Rudimentary: none. 


Deep Flexor Tendons: connected by a simple vinculum. Type I (Gadow 
—1891, p. 195). 

Other Important Modifications: the middle portion of the II. tib. is not 
fleshy at any point; Add. long. consists of a P. ext. and a P. int.; Tib. ant. 
with a small accessory tendon of insertion; Per. long. very narrow, the origin 
attached to a long line down the shaft of the tibia and fibula; Gas. with a 
single tendon; belly of the plantaris very long, reaching two-thirds the way 
down the shank; Flex. per. d. [I inserts on the distal portion of the proximal 
phalanx; the femoral head of the Flex. per. d. III arises by a long slender 
tendon; F. p. et p. d. III attached to the shaft of the fibula for a short dis- 
tance; the tendon of the F. hal. |. perforates that of the F. hal. brev.; Ext 
pro. d. III arises from most of the length of the tarso-metatarsus; the Ext. 
brev. d. IV is very powerful and the tendon does not pass through a canal; 
Abd. dig. II reaches half-way up the tarso-metatarsus; Add. d. II arises just 
below the perforated process, the tendon very long; lumbricalis unusually large 
and muscular; origin of the Abd. d. IV reaches up on the tibial cartilage; only 
the F. dig. I. and the F. hal. 1. pass through the perforated process. 


Order Strigiformes Family Strigidae 
Screech owl (Otus asio) 
Great horned owl (Bubo virginianus) 


Myological Formula: AD. 

Absent: Ilio-trochantericus medius. — Ambiens. — Piriformis, P. il. fem. 
— Semitendinosus. — Accessory semitendinosus. —- Peronaeus longus. — 
Plantaris. 

Rudimentary: Lumbricalis. 

Deep Flexor Tendons: connected by a simple but extensive vinculum. 
Type I (Gadow—1891, p. 195). 

Other Important Modifications: sartorius arises entirely from the ventral 
border of the ilium; II. tib. not connected with the post-acetabular ilium; Add. 
long. consists of a P. ext. and P. int.; Tib. ant. with two large tendons of in- 
sertion; Ext. dig. |. attached to the anterior surface of the fibula; the origin 
of the Per. brev. extends onto the anterior surface of the tibia at the distal 
end; Gas. with a single tendon; P. int. M. gas. reaches up onto the internal 
condyle of the femur; Flex. per. d. II two-headed, the tendon of the Bic. fem. 
passing between them; the two heads of the Flex. per. d. III unite and onlv 
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one tendon is formed; the biceps tendon passes between the two heads of the 
Flex. per. d. IV; F. p. et p. d. III connected neither with the tibia nor the 
shaft of the fibula; F. dig. 1. extremely powerful and the belly visible super- 
ficially for the entire length of the shank on both the outer and inner sides; 
F. dig. |. arises by three heads; F. hal. 1. two-headed, the main head from the 
Regio intercondyloidea, the small head from the posterior side of the joint 
capsule of the knee; Ext. hal. 1. two-headed, the main one from the internal 
malleolus of the tibio-tarsus, the small one from the proximal end of the tarso- 
metatarsus; Ext. pro. d. III arises from almost the entire length of the tarso- 
metatarsus; F. hal. brev. with two tendons which insert separately, not per- 
forated by the F. hal. 1.; Add. d. II arises from about the proximal third of 
the tarso-metatarsus, the tendon very long; the bellies of many of the shank 
muscles contain longitudinal splinters of bone; perforated process absent, no 
tendons passing through bony canals. 

Bubo and Otus were found to differ in the following ways: 

Flexor digitorum longus.—In Bubo the tendon trifurcates as usual near the 
lower end of the tarso-metatarsus. In Otus it divides into two branches near 
the proximal end of the tarso-metatarsus, the inner supplying digits II and 
III, the outer digit IV. 


Extensor proprius digiti II1]—The proximal end of the origin in Bubo lies 
lateral to the tendon of the Tib. ant.; in Otus the belly is divided by the Tib. 


ant. insertion. 


Order Caprimulgiformes Suborder Caprimulgi 
Family Caprimulgidae: Nighthawk (Chordeiles minor) 


Myological Formula: AXY. 


Absent: Ilio-trochantericus medius. — Glutaeus medius et minimus. — Am- 
biens. — Piriformis, P. il. fem. — Peronaeus brevis. 


Rudimentary: none. 


Deep Flexor Tendons: the two tendons fuse and the common tendon 
divides below into four branches. Type V (Gadow—1891, p. 195). 

Other Important Modifications: iliacus very strongly developed; only the 
posterior portion of the II. tib. is fleshy; Add. long. consists of a P. ext. and 
P. int.; Tib. ant. with a small accessory tendon of insertion; Gas. with a single 
tendon; the two heads of the Flex. per. d. III fuse and only one tendon is 
formed; F. p. et p. d. III not connected with the fibular shaft, the two branches 
to the tendon of insertion separately perforated; popliteus diagonal and_nar- 
row; Ext. hal..[. fleshy all the way to the base of the hallux; F. hal. brev. 
fleshy all the way to the base of the hallux, tendon not perforated by the main 
flexor tendon; Ext. pro. d. III extends halfway up the tarso-metatarsus; Abd. 
dig. II not connected with Met. I; Add. d. II arises from almost the entire 
length of the tarso-metatarsus, the tendon very short; lumbricalis unusually 
strong and well developed; Abd. d. IV short, limited to the distal two-fifths 
of the tarso-metatarsus; only the F. dig. 1. passes through the perforated 
process. 
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In spite of the fact that the nighthawk has notoriously small and weak 
feet, the intrinsic muscles of the foot are unusually strong and stout. 


Order Micropodiiformes Suborder Micropodii 
Family Micropodidae Chimney Swift (Chaetura pelagica) 
Myological Formula: A. 


Absent: Ilio-trochantericus medius. — Glutaeus medius et minimus. — Am- 
biens. — Piriformis, P. il. fem.— Semitendinosus. — Accessory semitendino- 
sus. — Peronaeus longus. — Plantaris. — Flexor perforatus digiti II.— Pop- 
liteus. 

Rudimentary: Extensor proprius digiti III. 

Deep Flexor Tendons: fuse completely. Four tendons given off below. 


Gadow’s Type V (1891, p. 195). 


Other Important Modifications: Post-acetabular portion of II. tib. absent; 
P. caud. fem. of piriformis inserts about midway the thigh by a long slender 
tendon; Bic. fem. superficial, not covered by the II. tib.; Add. long. single, 
arising from the ventral edge of the pubis only; Tib. ant. without an accessory 
tendon of insertion; the three branches of the tendon of the Ext. dig. I. are 
undivided and insert only on the unguinal phalanges; Gas. with two tendons 
which unite above the tibial cartilage; P. int. M. gas. double, the Semim. in- 
serting between the two heads; Flex. per. d. III and Flex. per. d. IV one- 
headed, arising together from the external condyle and a small portion of the 
fibular shaft; insertion of the Flex. per. d. IV undivided; F. p. et p. d. III 
arises only from the lateral surface of the fibula; tendon of F. hal. |. does 
not perforate that of the F. hal. brev.; tendon of the F. hal. 1. lies directly 
behind that of the F. dig. |. at the tibial cartilage; no perforated process, the 
two deep flexor tendons simply passing through incompletely ossified grooves 
in the bone. 


Order Piciformes Suborder Pici Family Picidae 


Flicker (Colaptes auratus ) 
Hairy woodpecker (Dryobates villosus) 


Myological Formulae: ACXY (Colaptes) 
ACX (Dryobates ) 


Absent: Glutaeus medius et minimus. — Ambiens. — Accessory semitendi- 
nosus (in Dryobates; present in Colaptes).— Popliteus. — Extensor brevis 
digiti IV. — Abductor digiti II. — Adductor digiti IT. 

Rudimentary: Abductor digiti IV. 


Deep Flexor Tendons: very peculiar. The two tendons are connected by 
a simple vinculum, but the F. dig. |. supplies only the third toe, the F. hal. 1. 
trifurcating to supply digits I, II and IV. Type VI (Gadow—1891, p. 195). 
Other Important Modifications: the middle portion of the Il. tib. is ten- 
dinous throughout its entire length; the tibial insertion of the Semit. is 
entirely proximal to the insertion of the Semim.; Add. long. with very little 
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indication of a division into two parts; Tib. ant. without an accessory tendon 
of insertion; the branches of the Ext. dig. 1. passing to digits II and IV insert 
only on the unguinal phalanges; Per long. inserts only on the tibial cartilage 
and has no connection with the Flex. per. d. III; Gas. with a single tendon; 
the F. p. et p. d. III passes through the tibial cartilage in a separate canal; 
Flex. per. d. III and Flex. per. d. IV pass through the tibial cartilage in the 
same canal, the two firmly bound together in a sheath; Flex. per. d. IV two- 
headed, the main head from the Regio intercondyloidea, the small head from 
the external condyle and Caput fibulae; Flex. per. d. IV inserts by two 
branches, neither of which is perforated; the tendon of insertion of the F. p. 
et p. d. II is not perforated at all; F. p. et p. d. III connected with a long 
line down the fibular shaft, the two branches of the tendon of insertion sep- 
arately perforated; F. hal. 1. two-headed, one from the Regio intercondyloidea, 
the other from the Caput fibulae and much of the fibular shaft; Ext. pro. d. 
III reaches up almost to the Tib. ant. insertion; the tendon of the F. hal. 
brev. perforated by that of the F. hal. |.; perforated process complete, all of 
the long flexor tendons passing through bony canals. 
Colaptes and Dryobates were found to differ as follows: 
Piriformis.—Insertion tendinous in Colaptes, fleshy in Dryobates. 
Semitendinosus.—Typical in Colaptes, the accesorius absent in Dryobates. 
Flexor perforatus digiti III.—The two heads in Colaptes form separate 
tendons which unite above the tibial cartilage; in Dryobates the bellies unite 
and only one tendon is formed. 


Order Passeriformes Suborder Tyranni Family Tyrannidae 
Eastern kingbird (Tyrannus tyrannus) 


Order Passeriformes Suborder Passeres Family Corvidae 
Eastern crow (Corvus brachyrhynchos) 
American raven (Corvus corax sinuatus ) 


Myological Formula: ACXY. 

Absent: Glutaeus medius et minimus. — Ambiens. — Piriformis, P. il. fem. 
— Popliteus. — Extensor proprius digiti III.— Extensor brevis digiti IV. — 
Abductor digiti II. — Adductor digiti II. 

Rudimentary: Flexor hallucis brevis, especially in Corvus. — Abductor 
digiti IV. 

Deep Flexor Tendons: there is no connection between the two tendens. 


Type VII (Gadow—1891, p. 195). 


Other Important Modifications: the Obt. ext. consists of two distinct 
heads; Add. long. divided into a P. ant. and P. post.; Tib. ant, without an 
accessory tendon of insertion; Gas. with a single tendon; Flex. per. d. II with 
most of the belly visible superficially on the lateral side of the shank, the 
origin from the external condyle; tendons of the Flex. per. d. III and Flex. 
per. d. IV pass through the same canal in the tibial cartilage, the F. p. et p. d. 
III passing through a different canal; Flex. per. d. III one-headed; F. p. et 
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p. d. III connected with a long line down the fibular shaft; F.- dig. 1. with two 
heads, one from the posterior side of the external condyle and the main head 
from the posterior surfaces of the tibia and fibula; F. hal. |. two-headed, a 
small head from the external condyle and the main head from the Regio 
intercondyloidea, the biceps tendon passing between them; tendon of the F. 
hal. brev. perforated by that of the F. hal |.; perforated process complete, all 
of the long flexor tendons passing through the bony canals. 

The various species of Passeriformes examined were found to differ only 
in the following important respect: 

Ilio-tibialis—In the Tyrannidae and Hirundinidae the post-acetabular 
portion is absent, the entire belly of the Bic. fem. consequently being visible 
superficially on the lateral side of the thigh. In the representatives of the 
twenty other families of Passeriformes examined for this character the muscle 
has the usual development. 


Summary and Conclusion 


Representatives of sixteen of the twenty North American orders of birds 
were studied from a comparative viewpoint, to determine myological peculiari- 
ties of possible taxonomic value. All of the muscles of the pelvic limb were 
examined in thirty-two species. In addition numerous other species were 
studied in order to ascertain certain specific points. Examination was mainly 
by gross dissection but celloidin cross sections were prepared for five species 
at various levels on the hind limb. This latter method has apparently not 
been used before in studies on the appendicular muscles of birds. The nomen- 
clature of Gadow (Bronn’s Thier-Reichs) is used, but this is revised to con- 
form as closely as possible with the BNA. 

Colymbus is far more specialized than Gavia. In the former eight muscles 
of the hind limb are absent, in the latter only three. Nevertheless, they agree 
in several striking peculiarities. 

Sula and Fregata, the two representatives of the Order Pelecaniformes 
studied, differ greatly in the musculature of the pelvic limb. 

Gadow (1891, p. 182) states that the peronaeus brevis is absent in Ardea; 
however, it is well developed in Ardea herodias. 

The hawks differ from the falcons in several important respects. Cathartes 
is radically different from the hawks and falcons and shows a far more prim- 
itive pelvic musculature. The myological formula for Cathartes is ACDXY- 
AmV;; for the hawks and falcons, ADAm. 

Although Fregata and the birds of prey have the same myological formula 
(ADAm) they differ profoundly in numerous other features of the muscula- 
ture of the pelvic appendage. 

The semimembranosus muscle is double in Falco, but in no other bird 
examined. 

Gadow (1891, p. 186) states that the plantaris muscle is lacking in all 
the birds of prey. However in the several species of Falco studied this mus- 
cle is not only present but is more powerfully developed than in any other 
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bird examined, the belly reaching almost to the tibial cartilage. A typical 
plantaris is present in Cathartes. 


A rudimentary but very definite ambiens muscle is present in Uria aalge 
californica, although all members of the Alcidae are generally stated to lack 
this muscle. Gadow (1891, Plate XXV) recorded the ambiens for Uria but 


this apparently has escaped the notice of taxonomists. 


The extensor hallucis longus is double in Zenaidura and Columba livia, 
with two separate points of insertion. Larus and Sterna show a tendency in 
this direction. 

A study of the musculature of the pelvic limb in a goat-sucker (Chor- 
deiles) and in certain owls (Bubo and Otus), fails to disclose any unusual 
similarity. The formulae are very different (AXY for Chordeiles and AD 
for the owls) and there are numerous other striking differences in the pelvic 
musculature. 

All of the species of the Tyrannidae and Hirundinidae studied differ from 
representatives of the twenty other families of Passeriformes examined in the 
absence of the post-acetabular portion of the ilio-tibialis muscle. It is possible 
that this character may prove to be of significance in the classification of the 
order. 

It is proposed that Garrod’s myological formula (A-B, X-Y and ambiens) 
be amplified to include the ilio-trochantericus medius, the glutaeus medius et 
minimus, and the vinculum connecting the tendon of the flexor perforatus 
digiti III with that of the flexor perforans et perforatus digiti III. These 
three structures are designated in the formula by the letters C, D, and V, 
respectively. There are several other muscles of the pelvic limb that are 
present in most birds but absent in a few restricted groups. These, however, 
do not show enough variation to warrant their inclusion in a myological for- 
mula. Outstanding examples are: peronaeus longus, peronaeus brevis, plan- 
taris and popliteus. 

All of the muscles known to occur in the hind limb of birds are present 
in representatives of the Order Galliformes, indicating a generalized condition. 
From one to nine muscles (or parts of muscles) are absent in representatives 
of the other orders examined. Only one is lacking in Cathartes and Zenaidura. 
The greatest reduction in number was found in Colymbus (8), Chaetura (9), 
Dryobates (7), and the Passeriformes (8). 

In many birds there are small fibro-elastic ligaments passing from the 
upper surfaces of the penultimate phalanges of the toes to the unguinal pha- 
langes. These function as automatic extensors of the claws. 

The flexor perforatus digiti II was found to be absent only in Colymbus 
nigricollis californicus and Chaetura pelagica. The four other perforated 
flexor muscles were present in all cases. 

In Fulica americana, Porzana carolina, Colinus virginianus and Phasianus 
colchicus torquatus, the obturator internus is peculiar in arising in part from 
the ventral surface of the postero-lateral portion of the ilium. The muscle is 
double in F. americana and P. carolina. 
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The tibialis anterior in many birds gives off, below, a small accessory ten- 
don of insertion. 


In some birds the tendons of insertion of certain perforated flexor mus- 
cles are not perforated at all. This is true of the flexor perforatus digiti II 
in Chen, Cathartes, Buteo, Falco, and Uria; the flexor perforatus digiti IV 
and the flexor perforans et perforatus digiti II in Colaptes and Dryobates. 


There is present in many birds a strong vinculum connecting the tendon 
of the flexor perforatus digiti III with that of the flexor perforans et per- 
foratus digiti III, near the lower end of the tarso-metatarsus. This vinculum 
is present in Gavia, Sula, Chen, domestic duck, Cathartes, Pedioecetes, Coli- 
nus, domestic fowl, Grus, Fulica, Totanus, Larus, Zenaidura and the domestic 
pigeon. It is absent in Colymbus, Fregata, Ardea, Buteo, Falco, Uria, Coc- 
cyzus, Chordeiles, Chaetura, Bubo, Otus, Colaptes, Dryobates, Tyrannus and 
Corvus. This structure has heretofore received very little consideration: 
Gadow (1891, p. 189) mentions it only for Pterocles. 


In many birds the tendon of the flexor hallucis longus perforates the 
sheath-like tendon of the flexor hallucis brevis. The latter muscle thus func- 
tions as a “flexor perforatus” of the hallux. 

Although Garrod (1874a) considered the presence or absence of the am- 
biens muscle to be of very great taxonomic significance, there is apparently no 
evidence to support such a view. Several other myological characters in the 
pelvic limb appear to be fully as important. 


The musculature of the pelvic limb in the various species of birds exam- 


ined shows distinctive peculiarities for each major taxonomic group. In the 
past students of avian myology have laid too much stress on the presence or 
absence of certain muscles, with little or no regard to the condition of the 
muscles that are present. 


The exact diagnostic peculiarities of the muscular system in the various 
orders, families and genera of birds are yet to be determined. Avian taxono- 
mists can not hope to reach a final interpretation of the relationships of the 
different groups while such a state of affairs continues to exist. To the aver- 
age present-day taxonomist a systematic group of birds is definable almost 
solely in terms of feathers and bones. So much faith has been developed 
in these easily studied, superficial characters that workers are prone to view 
with suspicion the great multiplicity of details furnished by myology and the 
study of the various other “soft parts.” The integument and endoskeleton 
are important within certain limits but constitute, after all, only a small part 
of the entire morphology of a bird. 
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M. adductor digiti II 

M. adductor digiti IV 
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Mm. flexores perforati digiti II, III, IV 
Mm. flexores perforantes et perforati digiti 

II, Il 
M. obturator internus 
M. popliteus 
Tibia 
M. tibialis anterior 
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digiti 


Bic. fem. 
F. p.et p.d.Il 
Gas. (P. int) F. p. et p.d. If 
Per. long. Flex. per. d. II 


Tib. ant. 


Per. brev. 


Fig. 1. Crow. Superficial muscles of the left leg (lateral view). x .75. 
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PLATE 2 


Il. troc. ant. 


Fem. tib. med: 


Fem. tib. ext. 


Bic. fem. 


F. p.et p.d II 
Flex. per. d. IV 


F. hal. 1. 


Tib. ant. 


Per. brev. 


Fig. 2. Crow. External view of left leg showing a second layer of muscles. The 
following superficial muscles have been wholly or partly removed: Sar., Il. tib., Gas., 


Per. long. x .75. 
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Il. troc. med. 


Isch. fem. 
Pirif. (P. caud. fem) 


Add. 
pos’ 


Semim. 
Semit. 


Bic. fem. 


Bic. loop Flex. per. d. IV 


©F. hal. 1. 


Ext. dig. 1. \Wa © Flex. per. d. II 
F. dig. 1. 


Per. brev. 


Per. long. 


Tib. ant. 


Flex. per. d. III 


Fig. 3. Crow. External view of left leg showing a third layer of muscles. In 
addition to those listed for Plate 2 the following have also been wholly or partly 
removed: Bic. fem., Fem. tib. ext. + med., Semit., Il. troc. post., Tib. ant., F. p. et p. 
d. II. F. p. et p. d. III. Nore: In this figure the tendons of insertion of the Ext. dig. 1. 
have been omitted to avoid confusion; they are shown in detail on Plate 4. x .75. 
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Obt. ext. 


Add. ant. 
. post 


Semim. 
Flex. per. d.IV 


Plan. 


* Flex. per.d. III 


Ext. dig. 1. 


Ext. dig. 1. 


Fig. 4. Crow. External view of left leg showing a fourth layer of muscles. In 
addition to those listed for Plate 3 the following have also been wholly or partly 
removed: Isch. fem., Il. troc. ant., Pirif., Semit., Acc., Per. brev., Flex. per. d. II, 
Flex. per. d. TV, hal. x 
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Obt. int. 


Fem. tib. int. 


F. dig. 1. “5 
Tib. cart. 


Ext. hal. 1. 


Flex. per. d. III 


Per. long. 


Fig. 5. Crow. External view of left leg showing the deepest layer of muscles. In 
addition to the ones listed for Plate 4 the following have also been wholly or partly 
removed: F. dig. 1., Plan., Flex. per. d. III, Obt. ext., Add. long. x .75. 
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Il. troc. med. 
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+ med. 


Add. long? ant. 


pat. 


Fem. tib. int. 
\ Gas. (P. ext) 
\ Gas. (P. med.) 
Gas. (P. int.) 


Per. long. 


Ext. dig. 1. 


Tib. ant. 


Ext. hal. 1. 


F. p. et p.d.Il 
~~ F. p. et p.d. II 


Flex. per. d. II 
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Fig. 6. Crow. Medial view of right leg showing the superficial muscles. The 
viscera, abdominal muscles and left side of the pelvis and vertebrai column have been 
removed. x .7. 
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F. hal. 1. F. hal. brev. 
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Fig. 7. Crow. Medial view of right leg showing a second layer of muscles. The 
following superficial muscles have been removed: Sar., Fem. tib. int., Add. long. (P. 


post.), Obt. int., Gas. x .7. 
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Fig. 8. Crow. External view of bones of the left leg and pelvis showing areas for 
muscle attachments. The principal bones are disarticulated. NOTE: Certain attach- 
ments are marked with letters which conform with similar letters placed in front of the 
corresponding muscle label. This was done to reduce crowding. x .8. 
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Fig. 9. Crow. Medial views of the bones of the left leg showing areas for muscle 
attachments. The principal bones are disarticulated. NOTE: Certain attachments are 
marked with letters which conform with similar letters placed in front of the correspond- 
ing muscle label. This was done to reduce crowding. x .8. 
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PLATE 12 


Fig. 16. Crow. Diagram of the left pelvic appendage (lateral view) to show the 
horizons from which the various cross sections were cut. The numbers refer to the 
figure numbers of the respective cross sections. x .7. 
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Fem. tib. ext. 
Fem. tib. med. 


Fem. 
Fem. tib. int. 


Add. long. 
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(P. ant.) 


Bic. fem. 
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Isch. fem. 


Il. tib. 


Fem. tib. ext. 
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Add. long. 
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Abd. mus. 


Fig. 17. Crow. Medial view of left hallux showing the insertion of the F. hal. 
brev. x 1. Fig. 18. Crow. Cross section of the thigh. About one-fourth the way down 
the femur. x 1.5. In all of the cross section drawings the top of the page corresponds to 
the anterior side of the section, the bottom to the posterior side. Right and left sides 
of the page coincide with the same sides of the section. Fig. 19. Cross-section of thigh. 
About one-third the way down the femur. x 1.5. Fig. 20. Cross section of thigh. 


About midway the femur. x 1.5. 
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Crow sections. 


. 21. About three-fourths the way down the femur. x 1.3. 
. 22. Just above the femoral condyles. x 1.3. 

. 23. About one-sixth the way down the tibio-tarsus. x 1.8. 
. 24. About half-way down the tibio-tarsus. x 1.8. 
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Plan. 


Crow. Shank sections. x 2. 


Fig. 25. About two-thirds the way down the tibio-tarsus. 
Fig. 26. About six-eighths the way down the tibio-tarsus. 
Fig. 27. About five-sixths the way down the tibio-tarsus. 


Fig. 28. Just above the distal malleoli. 
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Crow. Sections of the distal end of the tibio-tarsus and the proximal end of the 
tarso-metatarsus. 


Fig. 29. Through the distal malleoli of the tibio-tarsus. x 2. 
Fig. 30. Extreme proximal end of tarso-metatarsus. x 4. 


Fig. 31. About midway the perforated process. x 4. 
Fig. 32. Through the point of insertion of the M. tib. ant. x 4. 
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Crow. Sections of the tarso-metatarsus and hallux. 
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About one-fifth the way down the tarso-metatarsus. x 3. 
About midway the tarso-metatarsus. x 3. 

About three-fourths the way down the tarso-metatarsus. x 3. 
About seven-eighths the way down the tarso-metatarsus. x 3. 
Just above the distal malleoli of the tarso-meiatarsus. x 3. 


Near the distal end cf the proximal phalanx of the hallux. 
shown as rotated forward into the primitive position. x 5. 
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Ext. dig. 1. 


Flex. per. d. II 


Ext. dig. 1. 


Crow. Sections of the various phalanges of the fore-toes. x 5. 


Fig. 39. Proximal phalanx of index digit. 
Fig. 40. Second phalanx of index digit. 
Fig. 41. Second phalanx of third digit. 
Fig. 42. Third phalanx of third digit. 
Fig. 43. Second phalanx of fourth digit. 
Fig. 44. Third phalanx of fourth digit. 
Fig. 45. Fourth phalanx of fourth digit. 
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Fem. tib. med. 
Fem. tib. ext. 
Ambiens f= Fem. tib. med. 


Fem. tib. ext. Fem. tib. int. 
Fem. tib. int. 


Add. long. (P. ext.) ‘ Add. long. (P. ext) 


Bic. fem. 


Add. long. int) 
Add. long. (P. int.) Bic. fem. 


Semim. 


Ea Fem. tib. med. Fem. tib. med. 


@ — Ambiens 
Fem. tb. int. Fem. tib. int. 


NY Add. long. . int) 


Add. long. (P. ext.) 


Sections of the thigh taken from about the middle of the femur. 


Fig. 46. Sparrow hawk (Falco sparverius). x 4. 
Fig. 47. Screech owl (Otus asio). x 2. 

Fig. 48. Green heron (Butorides virescens). x 2.5. 
Fig. 49. Lesser yellowlegs (Totanus flavipes). x 2.5. 
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Per. long. 


Tib. ant. 


Per. brev. 
Per. brev. 
Ext. dig. 1. Ext. dig. 1 
Flex. per. d. DI 
Per. long. 
F. dig. L 
Flex. per. d. III Plan. Gas. (P. int) 


Flex. per. d. IV. 


F. p.et p.d. 


F. p. et p. d. IT F. dig. L 


F. p.etp.d. 0 F. p. et p.d. 


Flex. per. d. II 
F. hal. 1. 


Flex. per. d. II 
Flex. per. d. IV 
Tib. ant 


Per. long. 


' Ext. dig. 1. 
Per. brev. 


Ext. dig. 1. 


Gas. @. int. et med) 
F. dig. L 


Per. brev. 


F. p.et p.d. 


F. dig. L Plan. 


F. p. et p.d. 
F. hal. 1. 


F.p.etp.a.0 Flex. per. d. IV K Flex. per. d. III 


Flex. per. d. IT 


Flex. per. d. IV 


Flex. per. d. OI 


Flex. per. d. II 


Sections of the shank taken near the distal end of the carneous portions of the muscles. 


Fig. 50. Sparrow hawk (Falco sparverius). About four-fifths the way down the tibio- 


tarsus. x 5. 
Fig. 51. Screech owl (Otus asio). About two-thirds the way down the tibio-tarsus. x 6. 
Fig. 52. Green heron (Butorides virescens). About midway the tibio-tarsus. x 5.5. 


53. Lesser yellowlegs (Totanus flavipes). About one-fourth the way down the 
tibio-tarsus. x 6. 
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Tib. ant. \ 


Ext. brev. d. IV. Ext. dig. 1. Ext. hal. 1. 
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Abd. d. IV Ext. hal. 1 
Ext. brev. d. IV 
( 
a — Tib. ant. 
Gas. (P. int) Add. 4. 
F. hal. brev. 
Flex. per. d. Il Abd. d. IV 
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56 F. p.etp.d. 
F. p.etp.d. 57 
| . . . 
i Sections of the proximal portion of the tarso-metatarsus. x 6. 


Fig. 54. Sparrow hawk (Falco sparverius). About one-sixth the way down the 
cles. tarso-metatarsus. 


Fig. 55. Screech owl (Otus asio). About one-fifth the way down the “tarso- 


bio- metatarsus. 
6 Fig. 56. Green heron (Butorides virescens). About one-tenth the way down the 
tarso-metartarsus. 


Fig. 57. Lesser yellowlegs (Totanus flavipes). About one-tenth the way down the 
the tarso-metatarsus. 


103 
Ext. dig. 1. 
peo 
| 
| 
4 
a 


tarso-metatarsus. x 6. 


Ext. dig. 1. 
Ext. brev. d. IV 


Tib. ant. 
F. hal. 1. 
Add. d. 
Ext. hal. 1. 
F. dig. 1 : 
F. hal. brev. 
Abd. d. IV 
Flex. per. d. Il 
F.p.etp.d. 0 
Flex. per. d. IV Flex. per. d. II 
F. p. et p.d. 
Ext. pro. d. III 


Ext. brev. d. IV 


Ext. dig. 1. 
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F. dig. L F. hal. brev. 


F. p.etp.d. 
Flex. per. d. III F. p.etp.d. 11 


60 Flex. per. d. II 


PLATE 22 


Add. d. I 


Sections of the distal portion of the tarso-metatarsus. 


Fig. 58. Sparrow hawk (Falco sparverius). About two-thirds the way down the 


tarso-metatarsus. x 6. 


Fig. 59. Screech owl (Otus asio). About midway the tarso-metatarsus. x 5. 
Fig. 60. Green heron (Butorides virescens). About four-fifths the way down the I 


tarso-metatarsus. x 6. 


Fig. 61. Lesser yellowlegs (Totanus flavipes). About two-thirds the way down the 
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Il. troc. post. 
Glut. med. et min. 


Il. troc. ant. 


Fem. tib. med. 


Fem. tib. ext. 


Add. long. (P. ext.) 


F. dig. 1. 


Ext. hal. 1. 


‘F. hal. brev. 


Fig. 64. Lateral view of the left side of the pelvic region of the bob-white (Colinus i 
virginianus ). Drawn to show especially the two parts of the M. piriformis and the M. 
glutaeus medius et minimus. The following have been removed: Sar., Il. tib., and Bic. 
fem. All of the Semit. has been removed except the stub of the origin. x 1. 


Fig. 65. Medial view of the right shank of the sparrow hawk (Falco sparverius). 
Drawn to show especially the well developed M. plantaris and the double M. semi- 
membranosus. M. gas. removed. x |. 


Fig. 66. Posterior view of the proximal end of the tibia and fibula of the great 
horned owl (Bubo virginianus). To show the deeply situated M. popliteus. x .75. 
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Il. troc. ant. Tliacus 


dd. long. (P. int) 
Semim. 
Gas. (P. med) 


Tib. 


Bic. fem. 


Bic. loop 


_Ambiens 


Semim.’ 
F. hal. 1. 
Flex. per.d. 


68 


Flex. per. d. II 


Drawn to show especially the M. ambiens in the Swainson’s hawk (Buteo swain- 


soni). x .75. 


Fig. 67. Medial view of the right thigh. M. sartorius removed. 


Fig. 68. Lateral view of the right knee region. The following muscles have been 
removed: Gas., F. p. et p. d. II, and F. p. et p. d. III. The tendinous lateral head 
of origin of the Flex. per d. IV has also been removed so as to expose more fully 
the tendon of the ambiens. NOTE: The patellar tendon has been slit open directly 
over the tendon of the ambiens and the latter lifted out and placed upon the incision. 
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F. 
F. hal. 1 
71 
Flex. per. d. III 
F. hal. 1. — 
F. dig. 1. 
F. hal. 1. F. dig. 1. 
Vv 
Y 
F. p. et p. d. 
I 
72 73 
IV IV 74 


Showing the connections between certain flexor tendons in the foot of various birds. 
Whenever a vinculum is present it is indicated by the letter “V."’ The Roman numerals 
refer to the tendons supplying the corresponding toes. In most cases the tendons are 
displaced so as to better expose the connections. 


Fig. 69. Great horned owl (Bubo virginianus). Showing the extensive vinculum 
connecting the two deep flexor tendons. x .8 Fig. 70. Sharp-tailed grouse (Pedioecetes 
phasianellus). Showing the vinculum connecting the two deep flexor tendons. x 1.5. 
Fig. 71. Common loon (Gavia immer). Showing the fusion of the two deep flexor ten- 
dons. There is no branch to the hallux. x 1. Fig. 72. Man-o’-war- bird (Fregata mag- 
nificens ). Showing the fusion of the deep flexor tendons. x 1. Fig. 73. Flicker (Col- 
aptes auratus). The F. dig. 1. is undivided and supplies the third toe, the F. hal. 1. 
trifurcating to supply digits I, II, and IV. Slightly enlarged. Fig. 74. Little brown 
crane (Grus canadensis). Showing the vinculum connecting the tendons of the two 
superficial flexors to the third toe. x I. 


108 
| 


Aulopora: a Form-Genus of Tabulate Corals and 
Bryozoans? 


Mildred Adams Fenton and Carroil Lane Fenton 


I. Introduction; Summary 


In studying Auloporoid fossils from the Devonian of Iowa and Michigan, 
we had difficulty in determining whether certain small forms were “tabulate” 
corals or large bryozoans belonging to the group of prostrate genera typified by 
Stomatopora and Hederella. This difficulty caused the senior author to ques- 
tion 2,3 the coralline affinities of Aulopora itself, and to suggest that it was a 
member of the bryozoan family Diastoporidae. 


Final publication was delayed, to await the sectioning of authentic speci- 
mens of Aulopora serpens Goldfuss, the genotype, and solution of taxonomic 
roblems presented by certain species essential to the argument. The former 
showed that Aulopora, if strictly limited, must stand as a coralline genus; the 
latter, and examination of other material, showed with equal conclusiveness 
that several species described as Aulopora are, or may be, bryozoans. Since it 
is not yet possible to make a definite division of the genus, this paper merely 
reviews the evidence at hand, suggests that until it can properly be divided, 
Aulopora be regarded as a form-genus containing both tabulate corals and 
bryozoans, and indicates some described species which are most clearly linked 
with the latter phylum. A more definite course must await comprehensive 
treatment of the form-genus and similar but undoubted bryozoa. 


II. Descriptions 


Aulopora Goldfuss, 1826 
Genotype: Aulopora serpens Goldfuss 
Goldfuss, Petref. Germ. 1:82, 1826. 
Original Description.— 


Stirps calcarea, e tubulis obconicis, vacuis, e latere proliferis, singulis ostiolis 
terminalibus exsertis. 


Der Polypenstock besteht aus kleinen, kalkartigen, verkehrt-kegelférmigen Rohrchen, 
welche sich durch Aussprossen aus ihren Seitenwinden vervielfialtigen, und dadurch 
theils ein Netz, theils einen ahren-oder biischelformigen Stamm bilden. Sie haben weder 
Sternlamellen noch Querwande, und ihre Hohlungen stehen unter sich in Verbindung, 
sind jedoch da, wo ein Rohrchen aus der Seite des andern hervortritt, sehr verengt. 
Jedes Rohrchen hat seine eigene, runde oder ovale, vorragende Miindung. 

Sie stehen entweder frei, oder iiberziehen als Schmarotzer andere Korallen. 

1 Completion of this study was made possible by a grant from the Elizabeth 
Thompson Science Fund. Four of the plates illustrating it and the following 
paper were provided by the University of Cincinnati Museum. 

2 Ohio Acad. Sci. Proc. 8(4):172, 1922; Ohio Jour. Sci. 28:150, 1928. 

3 Bull. Geol. Soc. Am. 41:204, 1930; Pan-Am. Geol. 53:159, 1930. 
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Revised Definition—Anticipating somewhat the data to be given, this 
working definition of Aulopora as it now stands may be offered: 


Colony consisting of small tubes; adnate, prostrate, or prostrate basally 
with erect or more probably pendant compound branches. Reproduction by 
basal or lateral gemmation. Tubes calcareous or perhaps even chitinous, the 
former predominating; their walls non-cystose, smooth to wrinkled externally, 
smooth or pustulose internally. Tabulae (or diaphragms), when present, 
variably convex toward the apertures. Tubes not continuously united, except 
in rare instances in which calcification is incomplete. 


Aulopora serpens Goldfuss 


Aulopora serpens Goldfuss, Petref. Germ. 1:82, pl. 29, figs. la, b, d, 1826. (Prob- 
ably not fig. Ic.) 


Not Aulopora serpens of Rominger, Grabau and most other American authors. 


Original Description. — 

Aulopora incrustans, repens, tubulis strictis ex apicis latere proliferis, alternis vel 
in reticulum connexis, ostiolis coarctatis ascendentibus. 

Die verkehrtkegelformigen, geraden Rohrchen proliferiren nahe am obern Ende, und 
zwar unterhalb ihrer, nach der obern Seite iibergebogenen, kreisrunden, etwas verengten 
Miindung. Entweder sprosset immer nur ein Rohrchen aus dem vorhergehenden aus, oder 
es treten zwei derselben hervor, welche sich dann gabelférmig von einander entfernen, 
und sich haufig wieder durch neues Aussprossen netzformig verbinden, und Netzmaschen 
von verschiedener Gestalt und Grosse darstellen. 

Revised Definition Colonies prostrate, attached to corals, and other mas- 
sive organisms. Tubes uniserial, reticulate or massed so closely as to incrust 
the surface of the host, both reticulate and incrusting phases being found in 
a single colony. Tubes thick, variable in both length and diameter; in the 
hypotypes, the latter ranges from 1 to 2 mm. and the former from 2.4 to 
4.8 mm. Apertures are round, slightly to pronouncedly constricted; a few are 
oblique, but most are directed vertically. Tabulae apparently rare. Repro- 
duction chiefly by subcalycinal gemmation. 


Remarks.—This species is characterized by tubes which are thick-walled in 
proportion to their diameter and by its pronounced polymorphism. In the 
larger variant, the tubes are depressed and widely expanded basally but this 
character does not appear in those 1 to 1.4 mm. in diameter. Hypotypes in- 
clude nothing that corresponds to Goldfuss’ Fig. 1c, which seems to represent 
a distinct species. 


Though commonly identified from Hamilton and other middle to upper 
Devonian formations of North America, Aulopora serpens seems not to occur 
in them and most of the specimens referred to it and examined in this study 
belong to Ceratopora or Syringopora. Its closest American relative seems to 
be A. iowensis Hall, of the upper Devonian Hackberry formation. This 
species seems to be A. serpens minus most of its polymorphy, thickness of 
tubes and tendency to incrust, plus considerable elevation of both tubes and 
apertures, and probably may be accepted as an American descendant of 
Goldfuss’ species. 

Hypotypes.—17317-17319 Univ. Michigan. 
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III. Confusion of Ceratopora with Aulopora 


Externally, prostrate coralla of several species belonging to Ceratopora 
Grabau are very like large species of Aulopora, and this similarity (in the 
absence of sections) has led to the reference of several species of Ceratopora 
to Aulopora. Thus Aulopora maxima Fenton and Fenton® proves to be a 
Ceratopora with typically cystose walls. Rominger figured® as Aulopora 
serpens Goldfuss the prostrate tubes of a reticulate Ceratopora, and another 
species seems to have formed the basis of Aulopora serpens (?) of Stewart.7 

Such American identifications of Aulopora tubaeformis Goldfuss as we 
have been able to check also are based on members of the genus Ceratopora, or 
upon Syringoporae. A. tubaeformis of Grabau,® in the Hamilton of western 
New York, is a Ceratopora, apparently undescribed. Goldfuss’ illustrations, 
of which two are reproduced on Plate 5 Figs. 4-5, suggest that A. tubaeformis 
itself may be a Ceratopora. 

Such examples need not be multiplied. They show the laxity with which 
the name Aulopora has been applied, and that some of its most aberrant 
members may be removed without reference to the problem of bryozoan- 
coralline convergence. Nor is it involved in the separation of a new, definitely 
coralline genus, Aulocaulis. 


IV. Aulopora Compared with Stomatopora and Hederella 


As has been said, rnany species referred to Aulopora show marked resem- 
blances to such cyclostomate bryozoans as Stomatopora and Hederella. In 
mode of growth and type of reproduction there is a very close similarity be- 
tween certain forms of Stomatopora and Aulopora; their only substantial 
difference appears to be size. Thus Stomatopora dichotoma Lamouroux is 
very nearly a miniature of Aulopora saxivadens Hall and Whitfield,® as the 
familiar enlargement in Zittel-Eastman!° well shows. Aulopora minima 
Fenton and Fenton!! shows the same resemblance. In size it is a Stomatopora, 
and has been so considered by one competent worker; yet in manner of 
growth and character of tubes it strikingly resembles the much larger Aulopora 
delicata M. A. Fenton,!? which is almost a contemporary. 

The geologic ranges of Stomatopora and Aulopora suggest that some 
species assigned the latter really belong to the former genus. The range of 
Stomatopora is given as Ordovician, Jurassic, Cretaceous, Tertiary and Recent, 


4 Proc. Boston Soc. Nat. Hist. 28:414, 1899; Bull. Buffalo Soc. Nat. Sci. 6:132, 


1899. 
5 Stratig. and Fauna of the Hackberry Stage of the Upper Devonian: 66, pl. 16, 
fig. 7, 1924. 


6 Geol. Surv. Mich. 3(2) :87, pl. 33, fig. 2, 1876. 

7 Geol. Surv. Ohio (4), Bull. 32: 19, pl. 1, fig. 4, 1927. 

8 Bull. Buffalo Soc. Nat. Sci. 6:132, fig. 16, 1899. 

9 Ann. Rep. N. Y. State Mus. 23:235, pl. 10, fig. 6, 1873. 

10 Text-book of Paleontology 1:319, 1913. 

11 Stratig. and Fauna of the Hackberry Stage of the Upper Devonian: 69, pl. 
16, figs. 5-6, 1924. 

12 This Journal: 10:381, pl. 1, figs. 2-4, 1927. 
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while Aulopora is chiefly Devonian and Carboniferous, with a few Silurian 
species. If the two ranges are combined, we get one which, though still 
broken, presents a less serious gap than does that of Stomatopora alone. 

Though Hederella is less like Aulopora than is Stomatopora, the fact 
that they are common in the same formations makes their similarities more 
noticeable. The diagnostic character of Hederella is that of a central axis from 
which tubes are given off. This same character has been observed in one of 
the many variations of Aulopora aperta Winchell (Plate 2, Fig. 6), and in 
A. confluens M. A. Fenton (Plate 2, Fig. 3). Tabulae—or diaphragms—are 
common in both genera. 

Even the massed, incrusting manner of growth found in Aulopora conferta 
Winchell has its counterpart in the smaller genus, of a supposedly different 
phylum. Thus two specimens of Hederella, one of which is shown in Text 
Figure 1, have their tubes so closely grouped together that they present an 
appearance very like such incrusting forms of Aulopora as A. munda13 and 
A. conferta (Plate 1, Fig. 4). Hederella is distinct enough when its char- 
acters are ideally represented, but when it has deviated from this ideal—and 
prostrate forms are noted for their variability—its appearance is so very like 
some species of Aulopora as to suggest that some of its larger members now 
masquerade as corals. 


V. Comparison of Aulopora and Plumatella 


Plumatella, a modern fresh water bryozoan of the order Phylactolaemata, 
has growth habits like those of some Auloporoids. Zoaria attach themselves 
to foreign objects such as rocks, logs and even cornstalks, in such a way as 
to present an appearance very like that of supposedly typical Auloporae. A 
comparison of Figures 6 and 7 of Plate 3 will show such a similarity; when the 
tubes of Plumatella (Plate 1, Fig. 1) grow so close together as practically to 
incrust the surface of the foreign object they look like the Aulopora of Figures 


Fig. 1. A Hederella, perhaps H. 
canadensis (Nicholson), from the 
Traverse (Gravel Point) of Mich- 
igan, showing an incrusting type of 
growth similar to that of Aulopora 
conferta Winchell, (Plate 1, Figs. 
3-4.) x 6. 


2 and 3 of Plate 1. It is usually in swift flowing streams that the zoaria take 
this form of growth, for in quiet waters Plumatella has sufficient attachment 
to foreign objects to support the zoarium, and the remaining tubes, reproduc- 
ing in the usual manner, hang downward. Figure 1, Plate 2, shows such a 


13 This Journal 10:377, pl. 2, fig. 15, 1927. 
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colony; it is here, however, reversed in order that the illustration may conform 
to a convention long established for the genus Aulopora.14 The first sugges- 
tion that pendant colonies of Plumatella might aid in explaining certain 
peculiar Auloporoid zoaria came from the study of the unusual form from the 
Hackberry Stage which the senior author has called Aulopora confluens.15 
What seems to be the basal attachment, in one case, adheres to the surface 
of a branching bryozoan, (Plate 2, Figs. 4-5), while the massed columns of 
tubes, (Plate 2, Figs. 2-3), closely resemble the pendant portion of a Plu- 
matella colony, (Plate 2, Fig. 1), and probably hung downward in a similar 
manner. The column, of course, might have grown upward; but in a similar 
form from the Traverse of Michigan, Aulopora aperta Winchell, the basal 
attachments were on the under surfaces of objects such as Prismatophyllum, 
(Plate 2, Fig. 7), and the columns, (Plate 2, Fig. 9 and Plate 3, Figs. 3 and 
5), must have extended downward. This latter point brings up the type of 
the material of the walls. In the fresh water form, Plumatella, the walls are 
chitinous and the appearance of some specimens of Aulopora aperta Winchell 
suggests that they may have shared this character. Not merely are the tubes 
thin; they are collapsed and apparently shrunken in a manner resembling the 
dried Plumatella princeps of Plate 3, Fig. 7. To a lesser degree, the delicate 
tubes of Aulopora confluens M. A. Fenton also show these characters. 

This is a possibility suggested by selected specimens; others—a majority— 
indicate calcareous tubes whose walls were much thinner in proportion to size 
than were those of Hederella, Stomatopora, Hernodia or Reptaria. As a tule, 
thin-walled species show closer resemblance to admitted bryozoans than do the 
thick-walled types, most of which are definitely coralline.16 

In still two other characters Aulopora and Plumatella are similar. In a 
thin section of Plumatella, (Plate 4, Fig. 6), is a diaphragm that compares 
very closely with “tabulae” in the section of A. michiganensis, (Plate 4, Fig. 
7). Tabulae or diaphragms are not uncommon in well preserved specimens of 
Aulopora but the small size of the tubes makes it difficult to prepare sections 
suitable for study. A tabula or diaphragm is also shown on Plate 3, Fig. 2. 
The Aulopora tabulae shown here, as well as all others seen, are like dia- 
phragms of Plumatella: the convexity is toward the opening of the tube. 

Finally, some Auloporoids show continuity of tubes, which seems to imply 
the continuous connection of body cavities which characterizes the Phylac- 
tolaematous bryozoans. As seen in A. aperta Winchell (Plate 3, Fig. 2) 
this appears as partial constriction of some tubes whose associates preserve the 
apparently normal, distinct character. 


Vi. Conclusions 


To us it seems clear that Aulopora, even with members of Ceratopora and 
other genera removed, includes members of both “tabulate” (Alcyonarian) 


14 Goldfuss, Petref. Germ. 1 :82-84, pl. 29, figs. 1-4 and pl. 38, fig. 17, 1826. 

15 This Journal 10:380, pl. 2, figs. 1-7, 1927. 

16 Calcareous walls in Auloporoids do not invalidate comparisons with Plumatella. 
If the latter is a relict marine genus that has taken refuge in fresh water, its 
chitinous walls may be secondary, through loss of the calcareous character. 
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corals and bryozoa, the latter chiefly of the order Hederelloidea Bassler.17 
Since the genotype is a coral, the bryozoans ultimately must be assigned to 
genera within their own order. For only two such species, A. ( == Stomato- 
pora) minima of the Hackberry formation and A. ( == Hederella) serpuloides 
of the Traverse, are we prepared to make assignment with assurance. Pend- 
ing further study, therefore, it seems best to use Aulopora as a form-genus 
including members of Aulopora proper, undetermined corals and bryozoans. 
The following list indicates the relationships of species in the American 


Devonian and others described by Goldfuss: 


“TABULATA” (Alcyonaria) 


Aulopora Goldfuss, sensu stricto. 


. belanskii Fenton and Fenton,18 Shellrock, Iowa 
. towensis Hall and Whitfield, Hackberry, Iowa 
. irregularis M. A. Fenton, Shellrock, Iowa 
. modulata M. A. Fenton, Shellrock, Iowa 
. jugalis M. A. Fenton, Shellrock, Iowa 
. multiramosa M. A. Fenton, Shellrock, Iowa S 
. munda M. A. Fenton, Shellrock, Iowa 
. norensis M. A. Fenton, Shellrock, Iowa 
. saxivadens Hall and Whitfield, Hackberry, Iowa 
. scohariae Hall, Lower Helderberg, New York 
. serpens Goldtuss, Crinoidenschichten, Eiffel 
. stainbrooki M. A. Fenton, Shellrock, Iowa 
Aulocaulis Fenton & Fenton, gen. nov.!9 
A. annectens (Clarke) Lower Naples, New York 
A. expansus Fenton and Fenton, Hackberry, Iowa 
A. linearis M. A. Fenton, Shellrock, Iowa 
Ceratopora Grabau. 
Aulopora maxima Fenton and Fenton, Hackberry, Iowa (= Ceratopora 
maxima) 20 
“A. tubaeformis Goldfuss,"” Grabau, Hamilton, New York 
““A. serpens Goldfuss” Rominger, Traverse, Michigan 
Generic relationship uncertain; probably within the Moniloporoidae and 
Syringoporoidae. 


Aulopora conglomerata Goldfuss, Crinoidenschichten, Eiffel 
elongata Hall, Helderberg, New York 

erecta Rominger, Traverse, Michigan 

. schucherti Swartz, Helderberg, Maryland 

. subtenuis Hall, Helderberg, New York 

. tubaeformis Goldfuss, Uebergangskalke, Eiffel 

. tubula Hall, Helderberg, New York 


Bryozoa, order HEDERELLOIDEA Bassler 


Aulopora adnascens Fenton and Fenton, Hackberry, Iowa 
A. aperta Winchell, Traverse, Michigan 

17 Proc. Geol. Soc. Am. 1934:346, 1934. 

18 New name, to replace A. elongata M. A. Fenton, this Journal 10:380, pl. 1, 
fig. 11, 1927; preoccupied by A. elongata Halil, Ann. Rep. N. Y. State Mus. 
32 :143, 1879. 

19 This Journal 18(1):119, 1937. 


20 New generic assignment. 
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SPECIES OF AULOPORA 


conferta Winchell, Traverse, Michigan 

. confluens M. A. Fenton, Hackberry, Iowa 

. crebriformis M. A. Fenton, Shellrock, Iowa 

. cyclopora Winchell ( = A. conferta Winchell or is invalid) Traverse, Mich. 

. delicata M. A. Fenton, Shellrock, Iowa 

. incrustans Fenton and Fenton, Hackberry, Iowa 

. minima Fenton and Fenton, Hackberry. Iowa (Stomatopora minima)21 

. paucitubulata Fenton and Fenton, Hackberry, Iowa (Stomatopora? pauci- 
tubulata )21 

A. serpuloides Winchell, Traverse, Michigan (Hederella serpuloides )21 


ANNELIDS (?) 
A. cornulites Hall, Helderberg, New York. (A species not determinable from 


illustrations; types have not been traced.) 


21 New generic assignment. 


Species of Aulopora from the Traverse and Hamilton 
Groups 


Mildred Adams Fenton 


I. Introduction; Acknowledgments 


Seventy years ago, Alexander Winchell described! without illustrations a 
number of fossils from the Devonian Traverse group of Michigan, four species 
being assigned to Aulopora. One of these, A. serpuloides, is determinable, 
even from the scanty description, as bryozoan, probably Hederella. Another, 
A. conferta, was redescribed and figured by Rominger;? the others, though 
listed by Pohl? in his paper on Traverse stratigraphy, remained unidentifiable. 
Since types were known to exist, they prevented further description of the 
abundant and excellently preserved Traverse Auloporoids. 


The present study was begun on specimens loaned by Mr. A. W. Slocom, 
of the University of Chicago, and was continued on specimens collected for 
the University of Cincinnati in 1926. It has been completed after examina- 
tion of Winchell types and of specimens in the Museum of Paleontology of 
the University of Michigan, lent by Dr. G. M. Ehlers. To these have been 
added specimens of an apparently new species from the Hamilton of western 
New York, collected by Mr. E. R. Eller, of the Carnegie Museum. This 
final work, like completion of the preceding paper, was made possible by a 
grant from Elizabeth Thompson Science Fund. 


1 The Grand Traverse Region. A Report of the Geological and Industrial 
Resources of the counties of Antrim, Grand Traverse, Benzie and Leelanau 


in the Lower Peninsula of Michigan: 91-92, 1866. 
2 Geol. Surv. Mich. 3(2) :88, pl. 33. fig. 1, 1876. 
3 Proc. U. S. Nat. Mus. 76:(14) no. 2811, 1930. 
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II. Descriptions 


Aulopora aperta Winchell 
Pl. 2, Figs. 6-9; Pi. 3, 1-3. 


Aulopora aperta Winchell, The Grand Traverse Region, etc.: 91, 1866. 


Description —Colonies are attached to surfaces of stromatoporoids, corals, 
several species of bryozoans and brachiopods. Not infrequently columns are 
formed by the piling up of the tubes; Plate 2, Fig. 8 shows the beginning of 
two such columns, and Plate 2, Fig. 9 shows an incomplete specimen measur- 
ing 26.7 mm. in length and 6.6 mm. in diameter. Three specimens, one of 
which is represented on Plate 3, Fig. 3, show that branching of the columns 
themselves occurred. A cross section of such a column, Plate 3, Fig. 1, shows 
that the walls are distinct and comparatively heavy; the longitudinal section, 
Plate 3, Fig. 2, shows the way in which the columns are formed. The readi- 
ness with which the tubes separate indicates that the wall of each tube is dis- 
tinct. There are indications of diaphragms, one at the point marked d. 
Growth appears to be by basal gemmation within the columns. 

Adnate portions of this species grow very irregularly, as is shown on Plate 
2, Fig. 7. The method of reproduction is by both basal and lateral gemma- 
tion, though the latter appears to be the more common. Not infrequently 
two or mote, and in one case five, tubes are given off laterally from the parent 
tube. The lengths of the tubes vary so much that measurements are mean- 
ingless. 

Remarks.—A small form, Plate 3, Figs. 4-5, is found associated with the 
typical A. aperta Winchell: for the present, at least I consider the two forms 
together, calling attention to the difference in size—the only distinctive char- 
acter. The variation in both size and type of growth is very noticeable among 


the fifty-odd specimens at hand. 


Determination of the species is based upon Winchell’s holotype, shown in 
Text Fig. 1; though very poor, with tubes largely worn away, it suffices for 
identification of the many good specimens now available. 


Fig. 1. Holotype of Aulopora aperta Win- 
chell, x 1. Bell Quarry, SW quarter Sec. 2, 
T43N, R6W, Emmet County, Mich. 14304A 
Univ. Mich. 


Occurrence.—Gravel Point Stage, Zone 6, bed 1 or possibly Zone 4, bed 
3 of Pohl, Bell Quarry, Emmet Co., Michigan. 


Holotype—14304A Univ. Michisan; Hypotypes.—1400-1406 and 1436- 
1437 Univ. Cincinnati Museum; 25975 Walker Museum. 
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SPECIES OF AULOPORA 


Aulopora cyclopora Winchell, invalid 
Aulopora cyclopora Winchell, The Grand Traverse Region, etc.: 92, 1866. 


Remarks.—Winchell’s unpublished figure shows a small colony of Aulo- 
pora whose tubes have the expansion and apertura! constriction of A. conferta. 
It closely resembles the A. conferta of Plate 3, Fig. 6. In the Alma College 
museum, however, is a specimen numbered 2711 and recorded as A. cyclopora 
by Winchell; the number is immediately adjacent to a typical colony of A. 
aperta in which the tubes do not anastomose, thus corresponding to Winchell’s 
description. They also show lengths equal to those given (2.29-3.56 mm.) 
and apertures of similar diameter. 


Since the holotype, from which Winchell’s drawing was made, has not been 
found, the species cannot be recognized. It appears to be a synonym of A. 
conferta or A. aperta. 


Aulopora conferta Winchell 
Pl. 1, Figs. 2-5; Pl. 3, Fig. 6. 


Aulopora conferta Winchell, The Grand Traverse Region, etc.: 91, 1866. 
Aulopora conferta Rominger, Geol. Surv. Michigan 3(2) :88, pl. 33, fig. 1, 1876. 


Description —Colony attached to surfaces of stromatoporoids and corals. 
Tubes typically grouped so closely together as to incrust the host, Plate 1, 
Figs. 2-4, though in a few cases they are arranged uniserially, Plate 3, Fig. 6. 
The tubes vary considerably in size, as is shown by the figures. Measure- 
ments of three typical tubes, the first from an incrusting mass, the second and 
third from uniserial colonies, the last representing a slightly larger form of the 
species: length 1.5, 2 and 3.3 mm.; diameter at point of origin: 0.7, 0.7 and 
1.2 mm.; maximum diameter 1.3, 1.1 and 1.3 mm. 


Apertures are round, rising slightly above the general surface of the col- 
onies; where massed, 4 are found in the space of 5 mm. Lateral gemmation 
occurs though basal is the more common; from one to three tubes arise from 
each parent. Surfaces bear fine transverse wrinkles. 


Remarks.—This species closely resembles Aulopora jugalis M. A. Fenton® 
from the Shellrock of Iowa but differs from it in having smaller tubes and a 
less coarse appearance. 


Occurrence-—Gravel Point Stage, Zone 6, bed 1 or possibly Zone 4, bed 
3 of Pohl, Bell Quarry, Emmet Co., Michigan. 


Cotypes—14301 Univ. Michigan; Hypotypes—1407-1408 Univ. Cincin- 
nati Museum and 25973 and 25978 Walker Museum. 


Aulopora socialis sp. nov. 


Pl. 4, Figs. 1-5. 


Description—Colonies incrusting corals, bryozoans and _ brachiopods. 


6 This Journal 10:378, 1927. 
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Walls of the tubes coalesce so that the surface of the host is completely ob- 
scured; the tubes are comparatively short and the walls are heavy. Apertures, 
where well preserved, are round and oblique. 

The unique character of this species is the spines on the inner walls of the 
tubes; they are most conspicuous on weathered specimens such as the one 
shown in Plate 4, Fig. 2. Enlargements (Plate 4, Figs. 3 and 4) show the 
arrangement of these spines. The median spines, arranged in imperfect rows 
(Plate 4, Fig. 1), appear to be heavier than those on other parts of the wall 
One diaphragm was noted. 

Remarks.—This species has a mode of growth similar to that of Aulopora 
conferta Winchell, but differs from it in having coarse tubes and heavy. 
spinose walls. 

Occurrence ——Gravel Point Stage, Zone 6, Bell Quarry, Emmet Co., 
Michigan. 

Holotype —1411; Paratypes —1412-1413 Univ. Cincinnati Museum. 


Aulopora michiganensis sp. nov. 
Pl. 4, Figs. 7-8. 


Description Colonies commonly attached to surfaces of stromatoporoids 
and corals; over smooth surfaces the growth is regular, but on rough ones it 
is irregular, with tubes commonly growing over each other. Tubes compara- 
tively heavy; typically, they are small at the point of origin, with uniform ex- 
pansion anteriorly. At the place where each tube turns upward two new ones 
generally are given off; this gives a false appearance of abrupt increase in di- 


ameter. Apertures are round and rise well above the general surface of the 
tubes. 


Dimensions of a typical tube of the holotype are: length 3.2 mm.; mini- 
mum diameter 1.6 mm.; maximum diameter 1.9 mm.; height of aperture above 
base of tube 2.3 mm.; diameter of aperture 1.1 mm. Diaphragms (or tab- 
ulae) not commonly preserved; two are shown on Plate 4, Fig. 7. 


Occurrence——Gravel Point Stage, Zone 6, Bell Quarry, Emmet Co., 
Michigan. 


Holotype.—1409; Paratypes—1410 Univ. Cincinnati Museum, and 25974 
Walker Museum. 


Aulopora elleri sp. nov. 


Aulopora serpens Goldf., Grabau, Buffalo Soc. Nat. Sci. Bull. 6:132, fig. 15, 1899. 


Description—Colony (corallum) prostrate, attached throughout, loosely 
reticulate. Branching occurs every second or third tube, the branching tubes 
forming angles of 80 or more degrees. Tubes expand moderately except in 
the terminal region, where they enlarge abruptly in some cases and definitely 
in all. Walls thick; they are smooth externally or bear indistinct, rounded 
wrinkles. Apertures subellipsoidal, oblique or vertical, not constricted. No 
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tabulae seen. Dimensions of three tubes: length 6.2, 6.3 and 6.4 mm.; diam- 
eter at point of origin 0.8, 1.0 and 0.8 mm.; maximum diameter 2.3, 2.4 and 


2.2 mm. 


Remarks.—This species seems closely related to Aulopora scohariae Hall 
of the Helderberg, from which it differs in having larger and longer tubes, 
more ellipsoidal and less elevated apertures and less distinct growth ridges. 
Its tubes also are less distinct at the point of branching. 


Occurrence—Hamilton (Moscow), Little Beard Creek near Leicester 
(= Moscow) and other localities in western New York. 


Holotype.—7418; Paratype—7419 Carnegie Museum. 


Fig. 2. Aulopora 
elleri sp. nov. Holo- 
type, x i. 


Figs. 3-4. Same; 
details of branching, 
x 2. Hamilton (Mos- 
cow), Little Beard 
Creek near Leicester, 


N.Y. 


Aulocaulis, a New Genus of Auloporoid Corals 
Mildred Adams Fenton and Carroll Lane Fenton 


In preparing our paper on the form-genus Aulopora, we encountered 
several species which, though they seem to be corals, differ markedly from 
Goldfuss’ genus and from others (Syringopora, Romingeria, Ceratopora) 
commonly confused with it. It seems proper, therefore, that they form the 
basis of a new genus of the family Auloporidae. 


Aulocaulis gen. nov. 
avAds, tube; kavAds, stem 


Genoholotype: Aulopora expansa Fenton and Fenton. Genoparatype: 
A. linearis M. A. Fenton. 

Description —Corallum prostrate, linear or reticulate. Corallites thin- 
walled, depressed, smooth or indistinctly wrinkled. Throughout most of their 
length they show little or no expansion; then they expand abruptly into sub- 
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circular apertural regions whose diameter is 1.5 to 4 times that of the tubular 
portions of the corallites. The apertures are directed vertically and are but 
slightly elevated above the tubes. Tabulae few or absent; septal ridges pres- 
ent. Some species bear an indistinct dorsal ridge on most or all corallites. 


So far as growth lines indicate, the aperture is nearly horizontal in early 
stages, before development of the enlarged portion. Growth, however, must 
have been rapid for no corallites in this stage have been observed. Reproduc- 
tion chiefly by terminal budding; branching or in linear series. 


Remarks.—The following species, all described as Auloporae, are referred 
to this genus: 


Aulocaulis expansus (Fenton and Fenton), Stratig. and Fauna of the Hack- 
berry Stage of the Upper Devonian: 67, pl. 16, fig. 10, 1924. Devonian 
(Hackberry), Iowa. 


Aulocaulis annectens (Clarke), U. S. Geol. Surv., Bull. 16: 63, fig. 15, 
1885. Devonian (Naples Beds), New York. 


Aulocaulis linearis (M. A. Fenton), Am. Midl. Nat. 10: 379, pl. 1, fig. 10, 
1927. Devonian (Shellrock), Iowa. 


Aulocaulis sp. indet. Devonian (Cedar Valley) near Brandon, Iowa. Avail- 
able specimens are too poorly preserved for description, but show a species 
more like Aulopora than are the three just mentioned. 


Fig. 1. Aulocaulis annectens 
(Clarke). The holotype, x 1. 
(14976 U. S. National Mus- 


eum.) 


Fig. 2. Aulocaulis expansus 
(Fenton and Fenton). The holo- 
type, x 1. (26021 Walker 
Museum.) 


Aulopora procumbens Davis (Kentucky Fossil Corals 2: pl. 73, figs. 12- 
13) has the depressed, prostrate tubes characteristic of Aulocaulis. Dr. V. J. 
Okulitch has examined the types and reports that they show both funnels and 
cysts in the vertical, expanded parts of the tubes. This links the species with 
Ceratopora dichotoma Grabau, from which it differs in being attached along 
the entire surface. It clearly is not referable to Aulocaulis. 
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AULOPORA-AULOCAULIS 


PLATE | 
FIGURES 
|. Plumatella princeps Kraepelin. A fresh water bryozoan almost incrusting a rock. 
Except for size, there is little difference between this and the Aulopora of 
Fig. 4. x 2. (G. B. Twitchell Coll.) 

Aulopora conferta Winchell. 

A typical colony attached to a cyathophylloid coral, x 2. (1414 Univ. Cincin- 
nati Museum.) 

A similar colony on the under surface of a Prismatophyllum, x 1. (25978 
Walker Museum.) 

An example of the fan-shaped type of growth is shown in the upper part of 
this figure, and of the irregular massing of tubes in the lower. x 1. (1415 
Univ. Cincinnati Museum.) 

A less common growth form in which the tubes are distinct. Their origins can 


be traced readily. x 2. (1408 Univ. Cincinnati Museum.) 


PLATE 2 

FIGURES 

1. Plumatella princeps Kraepelin. A modern fresh water bryozoan. The basal part 
of this specimen was attached to the under surface of a rock and the portions 
shown here hung down and moved freely in the water. This figure, compared 
with Figs. 2 and 3, suggests the mode of growth of similar fossil forms 
x 2. (G. B. Twitchell Coll.) 

2-5. Aulopora confluens M. A. Fenton. 

2-3. Two views of a specimen showing growth similar to that of Plumatella, Fig. 1. 
In this Aulopora the tubes grew upon each other while in Plumatella the 
zooecia are not cemented together. x 2. KC. H. Belanski Coll.) 

4-5. Two views of what appears to be the basal attachment of columns such as are 
shown in Figs. 2 and 3. x 2. (2036 Univ. Cincinnati Museum.) 

6-9. Aulopora aperta Winchell. 

6. A colony in which tubes arise by both basal and lateral gemmation. x 2. (1406 
Univ. Cincinnati Museum.) 

7. A colony attached to the under surface of a Prismatophyllum. Near the center 
tubes grow over each other in such a way as to suggest the beginning of 
columns, an example of which is shown in Fig. 9. x 1. (1400 Univ. Cin- 
cinnati Museum.) 

8. Tubes grown over each other so as to form the bases of columns. x 2. (1402 
Univ. Cincinnati Museum.) 

9. A portion of a column composed of distinct tubes growing upon each other. 
It probably was attached to the under surface of a coral and hung down- 


ward. x 2. (1401 Univ. Cincinnati Museum.) 


PLATE 3 

FIGURES 

1-5. Aulopora aperta Winchell. 

1-2. Cross and longitudinal sections of a column such as is shown on Plate 2, Fig. 9, 
showing the comparatively heavy, distinct walls. At the point d in Fig. 2 
there is an indication of a diaphragm: the heavier structure above d is the 
wall and this, as well as similar ones, should not be mistaken for diaphragms. 
x 10. (1404 and 1403 Univ. Cincinnati Museum.) 

3. A column showing three divisions or branches. x 1. (1405 Univ. Cincinnati 
Museum.) 

4. A colony composed of small tubes..x 1. (1436 Univ. Cincinnati Museum.) 

5. A column made up of small tubes. x 2. (1437 Univ. Cincinnati Museum.) 
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6. Aulopora conferta Winchell. A colony deviating from the usual incrusting form 
of growth characteristic of this species. These uniserial tubes have a mode of 
growth similar to that of the Plumatella shown in Fig. 7. x 1. (1407 Univ. 
Cincinnati Museum.) 

7. Plumatella princeps Kraepelin. A fresh water bryozoan that closely resembles 
an Aulopora in type of growth. x 2. (G. B. Twitchell Coll.) 


PLATE 4 
FIGURES 
1-5. Aulopora socialis n. sp. 
1. A thin section from the holotype showing spines on the inner walls of the tubes. 
x 10. (1411 Univ. Cincinnati Museum.) 
A colony incrusting the surface of a fragmentary Spirifer. Spines can be seen in 
several tubes. x 2. (1412 Univ. Cincinnati Museum.) 
Enlarged views of several tubes showing the spines of the inner wall. x 10. 
(1412 Univ. Cincinnati Museum.) 
Holotype showing the mode of growth. x 2. (1411 Univ. Cincinnati Museum.) 
Plumatella princeps Kraepelin. A thin section of a freshwater bryozoan possess- 
ing a diaphragm. Compare this section with the one shown in Fig. 7. x 10. 
(G. B. Twitchell Coll.) 
Aulopora michiganensis n. sp. 
A thin section of a tube of the holotype. Two definite diaphragms are present. 
x 10. (1409 Univ. Cincinnati Museum.) 
Holotype attached to the surface of a stromatoporoid. x 1. (1409 Univ. Cin- 
cinnati Museum.) 


PLATE 6 
FIGURES 
1. Aulopora multiramosa M. A. Fenton. Holotype: the tubes are coralline. x 1. 
(870 Belanski Coll.) 
-4. “Aulopora™ delicata M. A. Fenton. 
2. The holotype, x 1. (2033 Univ. Cincinnati Museum.) 
3. Enlargement of the first three tubes, x 8. They suggest very thin calcareous 
tubes of bryozoans. 
The holotype, x 2 
Aulopora modulata M. A. Fenton. 
The holotype, showing coralline tubes. x 1. (1045 Belanski Coll.) 


A paratype also with strong tubes, and enlargement of same to show apertures. 


x | and x 2. (1904 Belanski Coll.) 
Lateral view of two tubes of the same corallum. x 2. 
A third paratype, with tubes of smaller diameter. x 1. (2060 Belanski Coll.) 
Aulocaulis linearis (M. A. Fenton). The holotype. showing prostrate tubes and 
large, vertically directed apertures. x 1. (1943 Belanski Coll.) 
Aulopora belanskii Fenton & Fenton. Holotype, x 1. (848 Belanski Coll.) 


Aulopora stainbrooki M. A. Fenton. Holotype, showing thick coralline tubes, x 1. 
(6016 Belanski Coll.) 


2 


| 


AULOPORA-AULOCAULIS 


PLATE 1 


123 
orm 
niv. 
- 


THE AMERICAN MIDLAND NATURALIST 


PLATE 2 
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PLATE 4 
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AULOPORA-AULOCAULIS 


FIGURES 


1-3. Aulopora serpens Goldfuss. 


Transverse section, enlarged, showing freedom from cysts and funnels such as 
characterize Ceratopora Grabau. After Goldfuss. 


Widely spaced tubes of average thickness. Crinoidenschichten, Eiffel. (17317 
Univ. Michigan.) 


Closely spaced tubes with very thick walls in which secondary deposits partly 
obscure branching. Crinoidenschichten, Eiffel. (17318 Univ. Michigan.) 


Aulopora tubaeformis Goldfuss. 
Branching colony showing the partly attached tubes. After Goldfuss. x 0.5. 


Two tubes, enlarged, showing septal ridges or rows of cysts. After Goldfuss. 
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PLATE 6 
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Mid-Tertiary Vertebrates from the Texas Coastal Plain: 
Fact and Fable 


Horace Elmer Wood, 2nd., and Albert Elmer Wood 


Fragmentaty fossil mammals of Middle Miocene to Lower Pliocene aspect 
have been reported from a dozen localities in the Oakville and equivalent and 
overlying formations of the Texas Coastal Plain.1 Deussen (1924) described 
a rhinoceros maxilla? (U.S.N.M. No. 6573, Figs. 4a and 4b) from the 
Derrick Farm, Washington County, Texas, supposedly from the base of the 
Oakville. Gidley (in Deussen, 1924) referred the Derrick Farm specimen 
to “Coenopus,” sensu lato, considering it of late Miocene aspect. Re-study 
assigned it to Caenopus, sensu strictiore, known only from the Oligocene 
(see below), so that a reinvestigation of the locality seemed highly desirable. 
Weeks (1933, p. 456) regarded the locality at which this jaw was found as 
Catahoula, which formation is usually considered to be Oligocene, a determi- 
nation which agrees with the morphology of the fossil and with the field 
observations of the junior author. 


The senior author is solely responsible for the discussion of Caenopus, the 
junior author for the local stratigraphy. The opportunity to describe the 
Caenopus maxilla and to use Figs. 4a and 4b are due to the kindness of Mr. 
C. W. Gilmore of the U. S. National Museum. 


During the summer of 1935, the junior author, together with Mr. Theo- 
dore Venard, of Atlanta, Georgia, visited the Derrick Farm locality under the 
guidance of Mr. Frank Derrick, who found the Caenopus jaw, and his son, 
Mr. C. F. Derrick. The jaw was found about five miles west of Burton, 
Washington County, Texas (Fig. 1). Mr. Derrick kindly pointed out exactly 
where he had found the jaw, on Water Run, in the middle of a six or eight 
foot undercut bank of brown, crackly, massive shale without visible bedding 
(Fig. 2), which corresponds with Deussen’s description of the upper part of 
the Catahoula Formation. There were numerous gray clay concretions in the 
shale, but no additional fossils were discovered here. 


Before the structure and stratigraphic significance of this Caenopus jaw 
can be discussed to any purpose, it is necessary to clarify the scope and strati- 
graphic distribution of the genus Caenopus, which has been used to mean “all 
things to all men.” Before 1878, the American Oligocene true rhinoceroses 
were usually called either “Rhinoceros” or “Aceratherium.” Brandt (1878) 
proposed the subgenus or section “Subhyracodon” including Aceratherium 


1 Applin (1925), Deussen (1924), Dumble (1915 and 1918), Hay (1924), Leidy 
(1860, 1865 and 1869), Plummer (1932), Shumard (1863) and Weeks 
(1933), based on determinations largely by Camp, Gidley, Gilmore, Hay, 
Leidy, Matthew and Stock. 

2 This has nothing to do with the jaw and teeth found in a well at Old Washington 
(Dumble, 1918), about which nothing further has been made public. 
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mite Cope, A. occidentale Leidy and A. quadriplicatum Cope. A. quadri- 
plicatum, a milk dentition of A. occidentale, was made the type of Anchiso- 
don Cope, 1879; and A. mite was made the type of Caenopus Cope, 1880. 
Wood (1927, pp. 55 and 59) believed* that Matthew accepted Subhyracodon 
as valid and had fixed the type of the genus by elimination (Cope and Mat- 
thew, 1915). However, such designation must be explicit and not implicit, 
so that either the type species was designated by Wood (1927, pp. 54-55, 59, 
68 and 72), or is still not properly chosen, in which case “Aceratherium” 


occidentale (Leidy) is hereby so designated. 


There has been considerable objection to the use of the name “Subhyraco- 
don” because of the incorrect relationship implied by the name. Matthew 


3 From verbal discussion, the labelling of American Museum exhibition specimens 


and the captions to Pls. CIV and CV in Cope and Matthew (1915). 


Burton 


C.F. Derrick 


Fig. 1. Sketch map showing vertebrate localities in Washington County, Texas, 
Water Run (3) and Cedar Creek (4). Index map shows Washington County (1) and 
Coryell County (2). 
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Fig. 2. Locality on Water Run where the Caenopus maxilla was found. View look- 
ing south-west. 


has suggested (1931, P- 8) that “A better method would be to get it [Caen- 
opus} on the list of ‘nomina conservanda’ with Leidy’s classic species [occi- 
dentalis} as type and the fine skeleton? in the American Museum as the 


4 This reference is obscure. It presumably refers to the composite mounted skeleton 
of S. occidentalis. Although much of the skeleton is Amer. Mus. No. 1132, 
the skull is Amer. Mus. No. 537. It is possible that Matthew had Amer. Mus. 
No. 538 in mind, which, although the skeleton of a single animal, is the type 
of S. tridactylus, a valid species, and hence not available as the neotype of 
S. occidentalis. In any case, this species is in no need of a neotype, as Leidy’s 
figured skull, U. S. N. M. No. 114, treated as a cotype by Osborn (1898, 
pp. 150-153), as hautotype by Sinclair (1924) and neotype by Wood (1927, 
p. 63) is already available. 
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neotype of the species.” Although any one is at full liberty to make such an 
appeal to the Commission, a favorable vote seems highly unlikely. It would 
be unusual, to say the least, to change an author’s formally designated type 
species. “Caenopus” has had no such long-continued or exclusive use as to 
cause serious difficulty in the use of Subhyracodon. Thus casual inspection 
of Hay’s two indices shows that Aceratherium was in almost universal use 
before 1904, and since then has probably been used as often as Caenopus, 
even if less judiciously. Subhyracodon has been used much less often than 
Caenopus, but is by no means an unknown or obscure name. Finally, article 
32 of the International Rules of Zoological Nomenclature formally forbids 
suppression of a name because indicating “characters contradictory to those 
possessed by the animals in question.” As far as this latter consideration goes, 
Brandt did not explain the derivative of Subhyracodon, so that it is not nec- 
essarily Sub + Hyracodon = ancestral — or near — Hyracodon, but can be 
interpreted as sub -+ Hyrax + odon = less specialized tooth than that of the 
hyrax, a name as applicable (or inapplicable) as Hyracodon itself. The sim- 
ilarity of Prohyracodon Koch to Prothyracodon Scott and Osborn is far more 
likely to cause confusion, but there has been no serious suggestion of request- 
ing a special ruling in this latter case. Therefore, Subhyracodon is a valid 
name for a rhinoceros genus. 


The course followed by Wood (1927 and 1929) was to regard the Amer- 
ican Oligocene true rhinoceroses as separable into four groups, treated as gen- 
era, which are: (1) the primitive and relatively large Trigonias, continuing, 
with no great change except loss of front teeth, into (2) the large Amphi- 
caenopus; (3) Subhyracodon, the best known line, of uncertain immediate 
ancestry, with the species woodi, trigonodus, kewi, copei, occidentalis, gidleyi, 
metalophus and tridactylus, merging, without a break, into the large dicera- 
theres (Diceratherium armatum, etc.); and, (4) the small Caenopus, prob- 
ably not derived from Trigonias, and, as first suggested by Peterson, quite 
likely ancestral to Menoceras (or Diceratherium) cooki. If anyone wishes 
to argue that Caenopus, Subhyracodon and Amphicaenopus rank only as 
“real” subgenera, there need be no serious argument, although publication of 
the criteria for definite discrimination between a “real” subgenus and a “real” 
genus would doubtless be welcomed by many perplexed workers. However, if 
Amphicaenopus is to be regarded as a subgenus, it should be a subgenus of 
Trigonias, to which its resemblance and relationships appear markedly closer 
than to either Subhyracodon or Caenopus, to which it is frequently referred. 
If the two latter are only subgenerically distinct, as may well be the case, 
Caenopus would be a subgenus of Subhyracodon, and not the reverse. How- 
ever, there is no clear evidence as to just how close the relationship is between 
Caenopus and Subhyracodon, so that, for the present, it seems more con- 
venient to leave them separate. 


Gregory and Cook (1928) founded the species ?Caenopus premitis, from 
the Chadron of Weld County, Colorado. Wood (1931) saw no more prob- 
able generic allocation. On the basis of “the admirable description of the 


dental and skull characters of specimen No. 1025 (E), C.M.N.H., from 
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Weld County, Colorado, by Gregory and Cook, plus Wood’s sound logic 
that it is a distinctive form and is intermediate between Trigonias and Caen- 
opus,” Figgins (1934a) proposed the new genus Procaenopus for this species. 
Figgins (19346, pp. 13-14, pl. III, fig. 1) offered as evidence for the valid- 
ity of this genus as an “intermediate between Trigonias and Caenopus (sensu 
strictu)” (Wood, 1931, p. 426) resemblance to “Caenopus” from Torrington, 
which is, as a matter of fact, Subhyracodon. His only possibly significant 
evidence is the material, especially Colo. Mus. No. 1446, with only two upper 
incisors. Although he figures this premaxillary, no evidence of its specific 
identity with ?C. premitis has been published, other than Mr. Figgins’ deter- 


Fig. 3. Contact of Catahoula shales and Oakville sands on Cedar Creek, just down- 
stream from the fossil locality in the base of the Oakville. Venard marking the contact 
between the two formations. 
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mination. As far as published evidence is concerned, this specimen might be 
referable to Trigonias paucidens or to Subhyracodon trigonodus or copei, or 
even to Caenopus (Wood, 1929, p. 71), all of which may have two upper 
incisors and the canine present together. The deep notch shown on the dorsal 
rim of the premaxilla, above I1, is a rather common character in Subhyraco- 
don, which genus is known from the Chadron. 


Having determined what genera of American Oligocene true rhinoceroses 
are valid, the next problem is the disposition of Caenopus persistens Osborn 
(1904, pp. 318-319) from the Middle Miocene Pawnee Creek Beds of Logan 
County, Colorado. Wood (1927, p. 72) suggested that this form was a 
female dicerathere. It is also entirely possible that it belongs to the little. 
known assemblage of forms, of uncertain taxonomy, which intervene between 
the American Oligocene rhinoceroses and Aphelops. For the present, it may 
still be called ??Diceratherium persistens (Osborn). 


Caenopus, s.s., is actually a rather rare genus. The known distribution 
(omitting doubtfully referred specimens, including the fore-leg referred to 
A. mite by Scott (1896), which while probably Caenopus, might belong to a 
small Subhyracodon) may be tabulated as follows: 


SPECIES FoRMATION REGION AGE SPECIMEN 


C. dakotensis Upper Brule South Dakota Upper Type, A. M. 
Oligocene No. 1110 
C. dakotensis White River Bad Lands Upper Berlin Museum 
Group (not Oligocene? 
Oreodon zone) 
C. dakotensis Upper Brule South Dakota Upper Field Mus. No. 
Oligocene P. 12228 
. mitis Chadron Colorado Lower Type and Para- 
Oligocene 


C. mitis Thompson5 Montana Lower C. A. Kinsey 
Creek Oligocene collection, Bel- 
grade, Montana 
C. mitis and Cypress Hills Saskatchewan Lower Can. Geol. Surv. 
“pumilus™ Oligocene 
2C. premitis Chadron Colorado Lower Type, Colo. Mus. 
Oligocene No. 1025 (E 


C. cf. ? premitis Catahoula Texas Oligocene, level U.S.N.M. No. 
6573 


uncertain 


C. yoderensis Yoder Wyoming Basal Oligocene M.C.Z. No. 2097 


5 As this specimen, in the private collection of Mr. C. A. Kinsey, the zealous 
amateur naturalist of Belgrade, Montana, is not recorded, it is convenient to 
append the measurements here. 
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In addition to the size, the absence of external and internal cingula is char- 
acteristic of Caenopus, s. s. 
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It is remarkable that, although Caenopus occurs in both the Lower and 
Upper Oligocene, it has not yet been recorded from the Middle Oligocene, 
in spite of the much more numerous fossils from that level. The Catahoula 
ocurrence cannot be assigned, on present information, to any special level in 


the Oligocene. 


The Catahoula specimen consists of a left maxillary with all four pre- 
molars, of which the first and last are damaged (Figs. 4a and b). The rem- 


U.S.N.M. 6573 


Fig. 4. (a). Lateral view of Caenopus maxilla, U. S. N. M. No. 6573, x 2/3. 
(b). Diagonal crown view of Caenopus maxilla, U. S. N. M. No. 6573, x 2/3. 
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nants of matrix consist of a nearly pure kaolin. The infraorbital canal opens 
above the posterior edge of P?. The protocones of P2-4 are barely defined 
from the protoconules, anteriorly, by slight grooves. P! is large, retaining the 
primitive condition, but it is otherwise so worn as to be characterless. P? is 
well worn, with the medifossette already isolated and a strong internal cingu- 
lum across the median valley but entirely absent on the protocone and hypo- 
cone. The character of the tooth hints that the hypocone may have been 
more closely connected to the protocone than to the metaconule. The post- 
fossette is divided into two parts by a ridge which is perhaps to be interpreted 
as the pseudocrista of Borissiak, 1914 (= metacrista, so named, independently, 
by Gregory and Cook, 1928, and by Teriaev, 1929, pp. 485-486). There is 
no external cingulum, and the anterior and posterior cingula are only mod- 
erately developed. Although P® is less worn than P?, the medifossette is 
already isolated, so that the transverse lophs seems fully developed, but united 
by an incipient mure. There is a trace of an external cingulum; a moderate 
anterior cingulum and an internal one across the valley only are present, while 
the posterior cingulum appears only as the rear wall of the postfossette. The 
rear edge of P+ is broken; the medifossette is not yet entirely isolated, the 
anterior face of the metaconule appears to be slightly crinkled, there is a trace 
of an external cingulum, a moderate anterior cingulum and none on the in- 
ternal face of the protocone. 


The fact that P+ is as advanced as P2, if not more so, the weak internal 
cingula and the small size, all indicate reference to Caenopus, s.s., rather than 
to Subhyracodon. The specimen seems out of the probable size range of C. 


dakotensis. P1 is much larger than in C. mitis, but the discrepancy dimin- 
ishes toward the rear teeth. The most noticeable difference from ?C. premitis 
is the much weaker internal cingulum. Although it may be suspected that 
this specimen is of Upper Oligocene age and that it may quite possibly prove 
to be a distinct species, it seems best to call it Caenopus cf. ?premitis Gregory 
and Cook, until better evidence becomes available. 


Comparative Measurements in Millimeters: 


Caenopus 

? Caenopus cf. pre- 
premilis, type, mitis, U.S. Caenopus_mitis, Caenopus 
after Gregory N.M. No. paratype, A. M. dahotensis 
and Cook 6573 No. 6325 Berlin Mus. 


Left Right Left Right Left 


80.0 i 69.3 
e64.0 52.8 
16.0 
15.0 
17.0 15.4 
26.0 A i 19.7 
20.0 18.6 
31.0 26.1 
35.0 33. 
e = estimated 
m = across metaloph 
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About a quarter of a mile east of the locality where the Caenopus was 
found, Mr. C. F. Derrick pointed out another locality, on Cedar Creek 
(Fig. 1). Here shales, apparently the same as the ones ocurring on Water 
kun, were overlain by about six feet of cross-bedded sands (Fig. 3), exposed 
for a distance of perhaps a hundred feet along Cedar Creek. At the contact 
between the sands and the shale, in most localities, was a deposit of black, 
asphaltic material, about a millimeter thick. The surface of the shales on 
which the sands rest is irregular, being a very obvious erosional surface. The 
sands seem to be stream-channel, probably estuarine. In these sands were 
found representatives of a considerable number of land mammals, mingled 
with freshwater and marine vertebrates. With practically no exception, the 
teeth were not water-rolled. Pieces of two teeth and one large limb bone 
fragment, of about the size to belong to a titanothere, elephant or such a 
large rhinoceros as Metamynodon, were so worn as to be unidentifiable, and 
may either have been transported for longer distances than the other specimens, 
or represent reworked fossils. _In this small area, the following fauna was 
found in the course of an hour. 


LAND Forms 


Horse: Amer. Mus. No. 30082, Archaeohippus blackbergi (Hay), new com- 
bination, right upper tooth, cf. M? (PI. I, Fig. 1). A. blackbergi was 
described from the Garvin Farm, 21/4, miles north of Navasota, Texas. 
The resemblance is also close to A. nanus Simpson (1932, pp. 28-34), 
from the Hawthorn of Florida, which may be a synonym of A. blackbergi. 
This form is not greatly advanced over Mesohippus stenolophus Lambe 
(1905) from the Cypress Hills, and still less over Miohippus equinanus 
Osborn (1918) or Parahippus pristinus Osborn (1918), both from the 
Lower Rosebud. Half of a worn lower molar, Amer. Mus. No. 30083, 
suggests Archaeohippus (Pl. I, Fig. 2). A P, left, Amer. Mus. No. 
30083, appears referable to this or some generally similar form (PI. I, Fig. 
3). There is also a fragment of a waterworn upper tooth (Amer. Mus. 
No. 30091), suggesting a somewhat larger horse (PI. I, Fig. 4). 


Deer: Amer. Mus. No. 30084, Blastomeryx texanus (Hay), new combina- 
tion, worn but complete left M?, and unworn left M (PI. I, Figs. 5-6). 
B. texanus was originally described from the Garvin Farm. B. pristinus 
Cook (1934) from the Lower Harrison may well be a synonym. Amer. 
Mus. No. 30085, Blasteromeryx cf. primus Matthew (1908, pp. 536-543), 
broken left upper molar, and a half left upper molar, a worn lower molar, 
an astragalus and a proximal phalanx, possibly referable to the same form 
(Pl. 1, Figs. 7-11). This species is known from the Upper Rosebud. 
The material also resembles B. medius Matthew (1924) from the Sheep 
Creek. 


Peccary: Amer. Mus. No. 30086, talonid of left lower molar, probably a new 
genus, intermediate between Desmathyus of the Harrison and Prosthenops 


of the Upper Miocene (PI. 1, Fig. 12). 
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Plate 1. Teeth from the Oakville formaticn on Cedar Creek, x 1. 


Figures: (1.) Amer. Mus. No. 30082, Archaeohippus blackbergi (Hay), M cf. 3/ 
right. (2.) Amer. Mus. No. 30083, cf. Archaeohippus, part of lower molar. (3.) Amer. 
Mus. No. 30083, cf. Archaeohippus, P/1 left. (4.) Amer. Mus. No. 30091, larger 
horse, upper tooth. (5.) Amer. Mus. No. 30084, Blastomeryx texanus (Hay), left 
M 2/. (6.) Amer. Mus. No. 30084, B. texanus, left M3/. (7.) B. cf. primus, Amer. 
Mus. No. 30085, part of left upper molar. (8.) B. cf. primus, Amer. Mus. No. 30085, 
part of left upper molar. (9.) B. cf. primus, Amer. Mus. No. 30085, lower molar. 
(10.) B. cf. primus, Amer. Mus. No. 30085, astragalus. (11.) B. cf. primus. Amer. 
Mus. No. 30085, proximal phalanx. (12.) Peccary, gen. indet., Amer. Mus. No. 30086, 
talonid of left lower molar. (13.) Dog, aff. Tephrocyon, Amer. Mus. No. 30087, 
right upper molar. (14.) 2Palacolagus sp., Amer. Mus. No. 30089, M/I right. 
(15.) Palaeocastor cf. simplicidens, Amer. Mus. No. 30088, P/4 left. (16.) Palaeo- 
castor cf. barbouri, Amer. Mus. No. 30090, M ? 1/ right. (17-18.) Alligator >? sp. 
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Dog: Amer. Mus. No. 30087, right molar, which, acording to Mr. Childs 
Frick (letter dated Feb. 24, 1936) “suggests in a general way an upper 
first molar of some Lower Miocene precursor of Tephrocyon” (PI. 1, 
Fig. 13). 


Rabbit: Amer. Mus. No. 30089, ?Palaeolagus sp. M, right (PI. 1, Fig. 14). 
This is rather a primitive form, looking more like an Oligocene than a 
Miocene type, though the Lower Miocene rabbits are not well known. It 
seems nearer to Palaeolagus than to Archaeolagus. 


Beaver: Amer. Mus. No. 30088, Palaeocastor cf. simplicidens (Matthew), 
P, left, cf. Stirton (1935), fig. 27. (Pl. 1, Fig. 15). Palaeocastor is 
known only from the Lower Miocene. It might occur in the Upper Oli- 
gocene, since we know very little of the Oligocene beavers, but could 
hardly occur much later than Harrison. Amer. Mus. No. 30090, Palaeo- 
castor cf. barbouri (Peterson), ? M! right (PI. 1, Fig. 16), cf. Stirton 
(1935, Fig. 39). 


Rodent: incisor of a smaller form, size of a squirrel. 


FRESHWATER FORMS 
Crocodilian: Amer. Mus. No. 1660, Alligator ??, two teeth (PI. 1, Figs. 
17-18). 
Gar Pike: Amer. Mus. No. 30091, Lepisosteus, one scale (Pl. 1, Fig. 19). 


These two forms are of no stratigraphic value, but are of definite ecological 
significance. 


MarINE Forms 


Sharks: Amer. Mus. No. 30091, Lamna cf. cuspidata Agassiz, three small 
teeth (PI. 1, Figs. 20-22), cf. Fowler, 1911, pp. 43-48, Figs. 12-15. 


Amer. Mus. No. 30091, Galeocerdo cf. aduncus Agassiz, or latidens 
Agassiz, one tooth (PI. 1, Fig. 23), cf. Fowler, 1911, pp. 67-71, Figs. 
30-33. 


Amer. Mus. No. 30091, cf. Heptranchias primigenius ? (Agassiz), one 
tooth (PI. 1, Fig. 24), cf. Fowler, 1911, Figs. 1-7 and Agassiz, 1843, 
Pl. 27, Figs. 2, 6, and 16-17. 


Ray: Amer. Mus. No. 30091, Rhinoptera cf. dubia Leidy, dental plate (PI. 
1, Fig. 25), cf. Fowler, 1911, pp. 102-105, Figs. 54-57. 


These selachians are not very satisfactory horizon markers. All are fairly 


Amer. Mus. No. 1660. (19.) Lepisosteus sp., Amer. Mus. No. 30091, a scale. (20-22.) 
Lamna cf. cuspidata, Amer. Mus. No. 30091, three small teeth. (23.) Galeocerdo cf. 
aduncus or cf. latidens, Amer. Mus. No. 30091, tooth. (24.) Heptranchias primigenius 
>, Amer. Mus. No. 30091, tooth. (25.) Rhinoptera cf. dubia, Amer. Mus. No. 30091, 


dental plate. 
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frequent in Miocene formations of the Atlantic Coast, but they or very sim- 
ilar forms have a much wider time range. 


This collection has a distinctly Lower Miocene aspect, most of the land 
forms being close to, if not identical with, forms from the Harrison of 
Nebraska. They also show considerable resemblance to part of Hay’s Nava- 
sota material, from a nearby locality, the late aspect of which seems to indi- 
cate a mixture with later Miocene material. A similar appearance would 
result if the present fauna had been lumped with Leidy’s later Miocene 
material from Washington County. There is some resemblance to the Florida 
Hawthorn (Simpson, 1932, pp. 13-16). 


Besides the Catahoula Caenopus and the Miocene records cited above, 
there appear to be three records of Texas vertebrates of Oligocene or near- 
Oligocene age. Shumard (1863) mentions a Titanothere from’ Washington 
County, Texas. There is no mention of such an ocurrence in any of Leidy’s 
discussions of Shumard’s material (including Leidy 1860 and 1865) nor in his 
general monograph (1869), which indicates that Leidy considered either Shu- 
mard’s record or his determination to be erroneous. 


The second questionable Oligocene record is due to Schloenbach (1868), 
Roessler (1876) and Abel (1926). 


Abel (1926) discusses and figures a skull of Hyracodon “nebrascensis” 
with badly worn teeth. This bears the “original” label: 


“Skull of Rhinoceros Nebrascensis (Leidy) Loc: Coryell County, Texas A. R. 
Roessler collected 1863" 
Abel states that this is the original of Leidy’s figured specimen (1853, Pl. 15, 
Figs. 1-2) from the “Big Bad Lands,” and that the label as to collector and 
locality is, therefore, wrong. There have been unpublished intimations that 
this is not Leidy’s specimen, belonzing to the Smithsonian Institution 
(Leidy, 1853, p. 14), collected by Dr. D. D. Owen. However, comparison of 
the specimen with Leidy’s figures, which are of his usual high standard of 
accuracy, leaves no possible doubt that they are the same, even the breaks 
being identical. This specimen was part of a shipment of allegedly Texas 
fossils sent to the k. k. geologische Reichsanstalt of Vienna (now the geolo- 
gische Bundesanstalt) by A. R. Roessler in 1868 (Schloenbach, 1868). The 
list of fossils is suspicious, on its face, as, in addition to what seems to be a 
typical collection of Big Badlands vertebrates (“Rhinoceros Nebrascensis, Or- 
eodon major and gracilis, Anchitherium, Titanotherium and Testudo Nebras- 
censis”), there is an obvious group of Mazon Creek, Illinois, plant concre- 
tions (“Pecopteris unita, villosa, Neuropteris hirsuta,” “in Geoden”). Profes- 
sor Abel arranged for the presentation of the Hyracodon to the American 
Museum, where it is now Amer. Mus. No. 22617. 


What, at first glance, appears to be a third, independent, record, unpub- 
lished except for a glancing reference (Scott and Jepsen, 1936, p. 16), is 


6 This guarded reference was based on personal communications from the present 
authors, preceding the discovery of A. R. Roessler’s activities. 
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provided by two oreodons in the paleontological collections of Columbia 
University. The label with one of these, a skull of O. gracilis, reads: 


“Locality Cowhouse Creek (reodon gracilis) (Leidy) A. P. Roep” 


The first two lines appear to be in Leidy’s handwriting. “(Leidy)” and 
“A. P. Roep” are in two other hands. Closer inspection of “A. P. Roep,” 
otherwise unknown, indicates that the label was torn twice across, through 
the “P” and through the end; that the “P” is a mutilated “R”; and that the 
“p” of “Roep” is an old-fashioned “ss,” with the end of the label now miss- 
ing, so that the name is, actually, “A. R. Roess. . . .” Comparison with Leidy’s 
accurate figures once more shows that this is also from the Owen Big Bad- 
lands collection (Leidy, 1853, Pl. 5, Figs. 3-4, Pl. 6, Fig. 6), without possi- 
bility of error. The mandible, however, is now missing. The second Colum- 
bia specimen, a snout of O. culbertsoni, is labeled: 


“Oreodon gracilis, Cowhouse Creek, Coryell Co., Texas.” 


There is also an old label, but distinctly more recent than the other. It 
seems rather likely that this is a misplaced label, originally associated with the 
other specimen. This snout was not figured by Leidy. These two oreodonts 
and the Hyracodon have every appearance of being typical Big Badlands 


specimens. 


Cowhouse Creek, Texas, both inside and outside Coryell County, flows 
entirely within the Cretaceous, with no known Oligocene patches in the drain- 
age area. In 1935 we were sufficiently open-minded about the possibility that 
an Oligocene patch might overlie the Cretaceous, as with other White River 
outliers, so that the junior author scouted along Cowhouse Creek, but without 
discovering any trace of such a deposit. It should be observed that the sup- 
posed Leidy handwriting gives no locality except “Cowhouse Creek.” No 
record of a creek of that name has been found for the Big Badlands, either 
in contemporary maps or in the recollection of “old-timers.” However, such 
a name might once have existed; or, as a more likely alternative, it might 
have been a mere collector’s name, of which the exact application was after- 
wards totally forgotten. (“Marsh’s Fork,” a draw on Grizzly Buttes, West. 
Bridger Basin, Wyoming, a Yale collector's term of which the significance 
later became obscure, is a case in point.) 


In view of the time elapsed, not all the steps in the original confusion can 
be legally proved, but the main facts are clearly demonstrable, and even the 
minor details seem strongly probable. What happened was about as follows. 
Dr. B. F. Shumard, who had been on the Owen Survey, and had considerable 
other experience, was appointed State Geologist of Texas on August 28, 
1858. Among the subordinates that he appointed were S. B. Buckley and 
A. R. Roessler. On November 5, 1860, extracts from a letter from Shumard, 
dated October 2, 1860, were read before the St. Louis Academy of Science, 
announcing the discovery in Texas of “the existence of an extensive Miocene 
Formation, equivalent to the Bone beds of the Mauvaises Terres of Nebraska” 
(Shumard, 1863). This was the Washington County material collected in 
July, 1860 (Buckley, 1874, p. 8). Leidy first announced the same material, 
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sent to him by Shumard, before the Philadelphia Academy on October 9, 
1860 (Leidy, 1860, 1865 and 1869). As Shumard believed that he had a Big 
Badlands fauna, it is entirely reasonable to suppose that he borrowed typical 
Badlands material for comparison, from the collections of the Owen Survey 
with which he had been associated, although there is no direct proof that 


he did so. 


Meanwhile, as a result of political considerations (for details, compare 
Buckley, 1874; Hill, 1887; Merrill, 1920 and 1924; and Roessler, 1875), Dr. 
B. F. Shumard was replaced by Dr. F. M. Moore in November, 1860; then, 
in spite of spying on and talebearing about him by Buckley early in 1861 
(Buckley, 1874, p. 9), the legislature reinstated Dr. Shumard on April 8, 
1861, with instructions to wind up the survey by July 1, 1861. On the out- 
break of the Civil War, Shumard, Moore, Buckley and Roessler went north, 


the Survey lapsed, and its quarters were turned into a percussion-cap factory. 


It seems clear that Roessler looted the Texas Survey of specimens and 
maps, whether from loyalty to Shumard, dislike of Shumard’s enemies, or 
simple thrift. There is no certainty whether Buckley shared in the loot 
(Roessler, 1875, p. 10). It is not so clear whether this took place at the 
outbreak of the Civil War, under the military occupation afterward, or at 
both times. “Early in January of 1866 I arrived in Austin, for the purpose 
of renewing the geological survey, found the specimens of the State collection 
in heaps, covered with dust, their labels displaced, and the most beautiful ones 
missing.” (Buckley, 1874, p. 11.) “In March, 1874, Col. J. T. Brady, of 
Houston, informed Governor Coke and myself that, when he was in Washing- 
ton, in December 1867, he saw in the possession of Roesler {sic} a large 
number of maps of Texas counties, also drawings of scenes in Texas, which 
were made when Roesler was employed as a draftsman for the State geolog- 
ical survey. . . . The specimens were arranged in natural groups in an upper 
room at the capitol, in 1867, since which time they have been very much dis- 
arranged, and, what is more unfortunate, many of the best specimens have 
been taken away; when, or by whom, I cannot tell. Col. Glenn told me that 
he thought several boxes of specimens had been taken away when the State 
was under military rule.” (Buckley, 1874, p. 13.) As Roessler had become 
an at least fairly prominent emplcyee of the General Land Office, at Wash- 
ington, it might have been rather simple for him to arrange, either through a 
friend or through official channels, for the removal of his “personal” belong- 
ings from the Texas Capitol, during the military occupation. Any labels not 
already jumbled by the munitions workers could readily have been displaced 
by the soldiers doing the packing, who may have lacked exact scientific 
training. 

On May 1, 1868, Roessler, who was an Austrian (Loew and Roessler, 
1873, p. 454) wrote Director von Hauer of the k. k. geologische Reichsan- 
stalt of Vienna a letter on Texas geology (Roessler, 1868), more or less 
plagiarized from Buckley, 1866. (Compare, especially, Roessler’s fourth para- 
graph, page 189, with Buckley’s second paragraph, page 33.) The interpreta- 
tion of deliberate plagiarism, as opposed to independent, and probably un- 
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authorized, use of the same original field notes, seems fully established by 
Roessler’s glossing over of the dates of publication in his reply to Buckley 
(Roessler, 1875, pp. 9-10). Cope’s letter, which Roessler quotes as a com- 
plete exoneration, is carefully noncommittal. 


About October, 1868, Roessler, for reasons which are purely speculative, 
sent the Reichsanstalt the collection of fossils, certainly not collected in 1863, 
as stated on the Hyracodon label!) listed by Schloenbach (1868). It is 
difficult to see how he could have regarded this collection as his own. It is 
reasonable to suppose that he did not know that there was any non-Texan 
material, and that as O. gracilis was labelled “Cowhouse Creek,” Roessler 
assumed that it and similarly preserved material were from Cowhouse Creek, 
Coryell County, Texas. He had doubtless heard, without complete compre- 
hension, of the Washington County fossil mammals. Roessler’s actual accom- 
plishments as a geologist were sufficiently slight, and Texas was then so little 
known, that he might readily not have seen any reason to doubt this assump- 
tion. (Cf. Roessler’s geologic map, Loew and Roessler, 1873, Pl. 23, show- 
ing, among other less serious errors, the Permo-Triassic east of the Llano 
Estacado as Upper Cretaceous, and the Llano itself as granite and meta- 
morphics.) 


The exact date when, and mode by which, the oreodons entered the Colum- 
bia University collections is entirely unknown. However, as Roessler was a 
resident of New York City on February 1, 1875, on friendly terms with Dr. 
Newberry of Columbia College (Roessler, 1875, pp. 3 and 11), the link may 
readily be imagined. 


This incursion into the early history of the Texas Survey, necessary to 
settle the Cowhouse Creek question, has led to the following judgments of 
the personalities involved, differing from those of Hill and Merrill, the chief 
historians of the Texas Survey, chiefly regarding the character and ability of 
A. R. Roessler. Dr. B. F. Shumard was an energetic, able and adequately 
trained geologist and paleontologist, by contemporary standards. Dr. F. M. 
Moore, whatever his personal and political accomplishments, was not fully 
qualified, by his long newspaper editorship, for the position of state geologist. 
Considered as geologists, both “Dr.” S. B. Buckley and “Prof.” A. R. Roessler 
were little more than pretentious charlatans. By his own confession (1874, 
p- 9), Buckley was a spy and a tale-bearer, under the guise of friendship, and 
his botanical publications and controversial style show a lack of scrupulous 
fairness. Whether or not Buckley did so, as Roessler charges (Roessler, 1875, 
p- 10), Roessler made singularly free with specimens and maps to which his 
claim was limited, to say the least, and, despite his professed opinion of 
Buckley’s geological ability, he plagiarized Buckley’s work for publication 
abroad, in German. It might, however, be urged in Roessler’s defense that 
he was preternaturally farsighted, as, whatever he did not remove was de- 
stroyed in the capitol fire of 1881 (Hill, 1887, pp. 36-37). It is certainly true 
that the conditions were unusual, and that there may have been legitimate 
conflicts of loyalty. 


In conclusion therefore, with this demonstration of the entirely fictitious 
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character of the supposed continental Oligocene of Cowhouse Creek, Coryell 
County, the upper Catahoula and lower Oakville levels, described above, 
yield the earliest land mammals yet known from Texas, and should assist 
in intercorrelating the continental and marine sequences. The collection from 
the base of the Oakville extends the range of the Lower Miocene Harrison 
fauna six hundred miles to the south. 
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Tracks from the Pliocene of West Texas 


C. Stuart Johnston 


The fossil tracks described in this paper are unusually perfect, and well- 
preserved. However their chief importance lies in the fact that they were 
found closely associated with the fossil remains of the group of vertebrates 
to which they belong. The tracks were discovered in the summer of 1935, 
and collected by the field party of the West Texas State Teachers College. 
The first of these tracks to be discovered, that of a cat, was pointed out by 
Professor R. A. Stirton and his assistants, of the University of California 
while visiting the location. The fossil beds in which they occur are located in 
Hemphill County, Texas, on the Coffee Ranch, about 9.3 miles north of the 


town of Miami. 


The location mentioned above is one of the most important in West 
Texas, and has been worked by several institutions since its discovery a num- 
ber of years ago. The fossils are abundant, and though fragile and poorly 
reserved are representative of a varied assemblage of the animal life of 
Middle Pliocene time. Since the tracks are found immediately above the bone 
bed it would be worthwhile to list the more important families that are rep- 
resented. The following list is from Matthew and Stirton (1930). 


Canidae: Borophagus cyonoides Rhinocerotidae: Aphelops cf. mutilus 
Mastodontidae: Rhyncotherium >? 
Tagassuidae: Prosthennops ? sp. 
ameli : Paracamelus, sp. 
Mylagaulidae: Mvlagaulus cf. monodon 
Equidae: Pliohippus interpolatus Procamelus ?, sp. 
Hipparion lenticulare Antilocapridae: Merycodontinae, 
Hipparion eurystyle Cervidae: Dyseomeryx? sp. 


Ursidae: Hyaenarctos, sp. 
Felidae: Machaerodus catocopis 


The formation bearing the tracks is of Middle Pliocene age, and the bed 
in which they occur consists of fine, volcanic ash. It is thinly bedded, and 
many of the bedding planes show very distinct ripple marks. The ash bed is 
about five feet in thickness, and rests conformably upon a four foot stratum 
of light gray clay. The clay in turn overlays the bone bearing formation 
which is made up principally of very fine grained, semiconsolidated sand of 
gray color. ‘The tracks are thus located approximately eight feet above the 
fossil horizon, which is near the base of the gray sand. This is locality No. 20 
of No. 1 bed according to Reed and Longnecker (1932). It may be seén 
from a study of the fauna of this horizon that the tracks obviously belong to 
some of the same genera if not indeed, to the same species of animals found 
fossil in this formation. 


Most of the tracks are found on a single bedding plane which averages 
approximately eight inches above the base of the volcanic ash. A few others, 
however, have been found above this level. They are unusually clear and 
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well-preserved, thus making possible a high degree of accuracy in their meas. 
urements. As pointed out by Gidley (1903) most of the Tertiary formations 
of the Staked Plains are of fluvial origin, and this is certainly true of the beds 
with which we are here concerned. Furthermore, they were deposited in water 
of shallow depth, and must have been in a damp, slightly plastic condition at 
the time when the tracks were made. As there is no evidence of erosion or 
sun-cracking on this surface it would appear that the tracks were covered 
shortly after they were made by a protecting layer of water laid ash. 


The families represented by these tracks are the Canidae, the Felidae, the 
Mastodonidae, the Camelidae, the Equidae, and also one group of birds which 


were probably crane-like in habit. 


The tracks here referred to the Canidae seem to belong to Borophagus 
cyonoides Martin, as described by Matthew and Stirton (1930). In a sub- 
sequent paper Stirton and Vanderhoof (1933) founded a new genus to replace 
Borophagus to which much of the Hemphill material had been referred. The 
new genus is Osteoborus, and hence the form mentioned above becomes 
Osteoborus cyonoides. This is the typical member of the Canidae found at 
this locality, and the size of the tracks would seem to indicate an animal of 
about the proportions of Osteoborus. 


As far as the tracks indicate, the Felidae are represented by two different 
types. The largest of these evidently belongs to the fairly well-known 
Macharodus catacopis Cope, as described by Burt (1931). The second group 
of cat tracks is much smaller, and fossils representing them are fragmentary 
in the locality. They indicate an animal somewhat smaller than a mountain 
lion. 


The only undoubted Proboscidean tracks found here are tentatively re- 
ferred to Rhyncotherium. The tracks are clear and definite, and there can 
be but little doubt that they belong to some member of the Mastodontidae. 
Fossil representatives of the group, however, are rare, and exceddingly frag- 
mentary, and definite identifications are consequently difficult. 


Only two tracks have been found which are thought to represent the 
family Camelidae. There is but little doubt that the tracks are those of some 
member of the artiodactyls. They are large enough to belong to Alticamelus, 
but that they are actually camel tracks is open to question. 


The Equidae are abundant in the fauna, and a fine collection of material 
has been collected here and described by Stirton (1930). However, only one 
track has been found that can be placed in this group. While it is clear in 
outline and definite in its hoof-like shape, it would be desirable to find others 
like it before classifying it certainly as that of a horse. 


Two bird tracks were found, both of which were on the same slab of rock, 
and no doubt belong to the same individual. These tracks are thought to be 
those of a wading bird, a type perhaps not differing greatly from the cranes. 
The author is not aware of fossil birds having been found in the locality. 
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Figs. | and 2 are the positive and negative tracks of Osteoborus cyonoides Martin. 
The track in the lower part of the figure is 8 cm. in width and 9 cm. in length. The 
track just above it is 7.7 cm. and 8 cm. in length. At the top of the figure is an impres- 
sion which resembles that of a small horse. It has a width of 5.6 cm. and a length 


of 6.2 cm. 


Fig. 3 is a slab containing a number of cat tracks of unidentified species. The 
track in the center is the discovery track. It is 8.5 cm. in width, and 7.7 cm. in length. 
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PLATE 2 


Fig. | is a large cat track, probably Machaerodus catocopis Cope. Width 13.2 cm., 
length 11 cm. 


Fig. 2 is identified as belonging to some member of the artiodactyls. It is not as 
distinct as the others, and it will be necessary to find more specimens like it before 
identifications can be made with certainty. Width 17.7 cm., length 16.6 cm. 


ig. 3, a mastodon track, probably Rhyncotherium. Width 23.6 cm., length 21 cm. 
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Fig. 1. This slab contains a number of dog tracks, Osteoborus cyonoides, and a cat 
track in the lower left. Measurements are as follows: track in the lower right, width 
6.4 cm., length 6.6 cm.; lower left, width 8.4 cm., length 8.5 cm.; upper right, width 
8.5 cm., length 8.5 cm.; upper left, width 7 cm., length 7 cm. 


Fig. 2. These are bird tracks, species unidentified. The track in the right of the 
figure, width 9.2 cm., length 8.2 cm.; track in the left of the figure, width 9.2 cm., 
length 7.9 cm. 
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West Texas State TEACHERS COLLEGE, 
Canyon, TEXas. 


A Skull of Teleoceras fossiger Cope, from the 
Clarendon Beds of Donley County, Texas 


C. Stuart Johnston 


During the spring and summer of 1935 the West Texas State Teachers 
College, in cooperation with the Federal Relief Administration maintained a 
field party at Clarendon, Texas. The work was devoted entirely to the collec- 
tion of vertebrate paleontological material of Lower Pliocene age. Most of the 
collecting was done in a quarry located on what is known as Spade Flats, on 
the Lewis Ranch, about twenty-four miles northeast of Clarendon. The proj- 
ect was under the supervision of Mr. Will Chamberlain, directed by the 
author. Much fine material was collected, all of which was placed in the 
Panhandle Plains Historical Society Museum at Canyon, Texas. Among 
other specimens collected was the almost perfect skull of Teleoceras fossiger 
Cope. This form is fairly well known from numerous skulls, and the descrip- 
tion of a complete skeleton by Osborn (1898). However, there is consider- 
able variation and it is considered worthwhile to add any data possible 
to our knowledge of its generic and specific characters. 
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SKULL OF TELEOCERAS FOSSIGER 


Figs. 1, 2, and 3, lateral, dorsal, and palatal views of Teleoceras fossiger Cope. 


1/6 natural size. 
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MEASUREMENTS: 

Length of skull from occipital condyles to end of nasals. _-__-__--______ 541 mm. 

Breadth of skull opposite Mé 

Greatest breadth across the zygomatic arches mm. 

Height of zygomatic arch 

Breadth of frontals between the postorbital processes 

Length of saggital crest from the intersection of the temporal impressions 
to the beginning of the lambdoidal crest 

From anterior end of nasals to intersection of temporal impressions 

Breadth of lambdoidal crest 

Width of skull 10 mm. below enterior edge of orbits 

Length of temporal impressions from their intersection to postorbital 
processes 

Breadth of cranium opposite intersection of temporal impressions 

Height of skull from ventral side of occipital condyles to dorsal edge of 
lambdoidal crest 

Vertical diameter of orbit 

Anterior edge of orbit to anterior edge of nasals 

Length of palate 

Breadth of palate opposite anterior edge of M2 

Greatest breadth of postpalatal notch 

Depth of postpalatal notch 

Breadth of occipital condyles 

Between occipital condyles at middle of foramen magnum 

Length of dental series 


DENTAL MEASUREMENTS: 


mm. 


Breadth mm. 


As shown in the photographs there is some slight distortion in the skull, 
particularly on the right side. Otherwise it is practically in perfect condition, 
and such restoration as it has received is negligible, and has not influenced in 
any way the above measurements. 


As pointed out by Matthew (1932) there is considerable variation in the 
craniometry of the Rhinocerotidae. It is the author’s opinion that the limits 
of these variations can only be defined, and the specific and generic characters 
of a form determined through the careful study of as large a body of data as 
possible. Toward this end the above notes on Teleoceras fossiger Cope are 
submitted. 
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Spores from the Pennington Coal, Rhea County, 
Tennessee 


Willard Berry 


The Pennington coal, which is exposed in the floor of Cranmore Cove, 
Rhea County, Tennessee, occurs as a thin vein, with a maximum thickness of 
52 inches. This coal lies approximately 100 feet above the Bangor limestone 
of the Chester series and about 350 feet below the Gizzard formation of the 
lower Pottsville, and is considered as Lower Carboniferous (Mississippian) in 
age; though there is no definite break either above or below. The coal is 
locally mined but as far as I know there are no published analyses of it. 


This coal can readily be macerated and the resulting material mounted in 
glycerine jelly for study. In this manner I have found 14 different species of 
spores. These spores can be separated into the following 6 groups on their 
general shape and structure. Tuberculati-sporites with 1 species, Zonales- 
sporites with 4 species, Laevigato-sporites with 3 species, Denso-sporites with 
3 species, Elongato-sporites with 1 species, and Sporonites with 2 species. 
Zonales-sporites are the most common followed by species of Denso-sporites 
and then Elongato-sporites, with the other forms fairly rare. All the forms 
are new although similar types have been figured from other localities but not 
described. No attempt has been made to make a spore profile for the coal as 
suitable material is not available. 


SYSTEMATIC DESCRIPTION 
Genus Tuberculati-sporites Ibrahim 1933 
Tuberculati-sporites tuberculatus sp. nov. 
Fig. 6 


Oval, about one and three-quarter times as long as broad; wall very thin; 
surface tuberculate, tubercles however not visible over the edges of spore 
although they probably are present; small crack running in a short distance 
from each end. Color, yellowish brown. Length of the fizured specimen 
54u, width 39,. 

This ovoid spore looks as if it was entirely broken around on the side 
away from the observer. I have not found any specimens which show a split 
on the visible side. Even though these specimens are rare, it seems to me 
that in chance arrangements both sides must appear, and yet in all observed 
cases no complete split was seen. This is the only tuberculate form found 


in the coal. Slide L2 (77x52.3). 


Somewhat like Sporonites abditus Loose (1932, p. 451, fig. 53) but lack- 
ing the triradiate split. 
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Genus Zonales-sporites Bennie & Kidston 1886 
Zonales-sporites Priddyi sp. nov. 
Fig. 2 

Spore triangular; wall very thin, often slightly convex between angles; 
surface clear, smooth; triradiate split, branches reaching spout two-thirds of 
way from the center to the margin. Height of spore up to 35y. 

These spores often occur as dense closely packed masses with a few scat- 
tered about the main mass. They are somewhat like Sporonites sphaero- 
triangulus Loose (1932, p. 451, fig. 45) except much larger. 

Slide L1 (91x49.4). 


Zonales-sporites penningtonensis sp. nov. 
Fig. 3 
Spore round, with a thin wall; and a very narrow keel like wing; triradiate 
split, branches reaching to wing; surface smooth. Diameter 40-44. 
This is a rather common form and all observed specimens were within a 
few microns of the same size. 


Slide L1 (96x52.3), L1 (91.7x49.6). 


Zonales-sporites peacocki sp. nov. 
Fig. 5 
Spore roundly triangular; wall thin; surface rought or slightly reticulate: 
triradiate split, branches not quite reaching to margin; central part surrounded 


by a clear wing; narrow at the angles, wider between. Diameter about 31, 

This species is not rare in this coal. It is somewhat like Z. Priddyi but is 
winged and has a reticulate surface. It is somewhat like a form figured by 
Reinsch (vol. I, p. 3, pl. 2, fig. 18; p. 3, pl. 1, fig. 11) from “Devonian” 
coal from Central Russia. 


Slide L1 (85.3x46.2). 


Zonales-sporites irregularis sp. nov. 
Fig. 9 

Spore roundly triangular; wall thin; surface smooth except quadrant “a” 
where surface is granular; triradiate split, branches reaching nearly to the mar- 
gin; on the margin of the granular surfaced quadrant “a” a narrower wing 
and directly across the spore a similar though shorter, narrower wing. Di- 
ameter 39x. 

This form is rare in this coal. However the few that I have found lead 
me to think it is a distinct species. 


Slide L1 (94.6x50). 


Genus Laevigato-sporites Ibrahim 1933 
Laevigato-sporites pennovalis sp. nov. 
Fig. 4 
Spore oval; wall thicker at ends than at sides; surface sparingly coveted 
with very small papillae, more or less evenly spaced, not visible at margins. 


Length breadth 31,. 
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This species, which is rare, takes up stain like many grains from rocks 
of younger geological ages. It is quite like Laevigato-sporites ‘ulgaris Ibrahim 
(1933, p. 39, fig. 16) but lacks the opening. 

Slide L1 (87.6x46.8). 


Laevigato-sporites cranmorensis Sp. nov. 
Fig. 1 
Spore oval, almost as broad as long; slightly indented at one end; wall 
thin, clear; end away from identation has what appears to be a slit or crack 
extending in about three-fourths the length of the grain; this slit is in part at 
a vety low angle to the surface. On the figured specimen another line is 
present, but is not present on all specimens. Length about 58; breadth 42y.. 


This species is relatively rare here but is quite like some unpublished forms 
from the Washington Coal (Dunkard, Permian) of Eastern Ohio. 
Slide L2. (78.5x50.3). 


Laevigato-sporites rheaensis sp. nov. 
Fig. 13 

Spore elongate oval, lemon shaped; about three-fourths longer than broad; 
surface “a” translucent, yellowish brown separated by a definite boundary 
from “b” where the wall is dense and opaque with a smooth surface; the boun- 
dary line may represent the opening into the grain; it does not as far as ob- 
served represent a broken part of the surface. Length about 43; breadth 27». 

This species is rare but quite distinctive. 

Slide (79.9x51.4). 


Genus Denso-sporites gen. nov. 
Characterized by a thick opaque wall, thickness about one-third the diam- 
eter of spore; central portion clear, no triradiate split. Genotype: Denso- 
Sporites covensis. 


Denso-sporites covensis sp. nov. 
Fig. 11 

Spere oval; wall very thick, about one-third of diameter, very dark and 
opaque, very smooth and even; central portion more or less clear and roughly 
trapezoidal in shape, margins very clearly marked, no apparent connection 
between inside and outside. Length about 584; width 50y. 

This grain is fairly abundant but less than D. densus, from which it differs 
in being more oval and with a much smoother surface. These two species 
are quite like those figured by Raistrick and Simpson (1933) as A 1 from 
the Plessey, Tilley, and Beaumont coals of Northumberland, England. I 
would refer those forms to this genus. 


Slide L1 (85.4x47.1). 


Denso-sporites densus sp. nov. 


ig. 
Spore more or less spherical or round, wall “b” very thick, very dark 


and opaque, with a somewhat irregular surface; central portion “a” more or 
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less clear and somewhat triangular in shape; in most cases apparently connected 
with the outside by a fine split leaving one corner of the central portion. 
Diameter about 50x. 


This form is fairly common and easily distinguished from the preceding 
species, where I have commented upon similar forms. 


Slide L1 (77.2x47.8). 


Denso-sporites (?) quadratus sp. nov. 
Fig. 10 

Outline more or less circular apparently with double wings “c” on either 
side; wall “b” thick, opaque, about one-third the diameter; on the side away 
from the wings there are usually (may be more or less) five gaping silts or 
cracks “d,” or areas of nearly clear material; central portion “a” more or less 
clear, connected with the outside by a faint line to the middle area of the 
winged side. Width at wings about 85; diameter of opaque part about 42y. 

On this spore, which is very rare, there are what I take to be wings 
(Fig. 10c). These projections, where they overlap, are as opaque as the wall 
“b” but at the ends where they are not overlapping they are quite thin. The 
clear places “d” may be cracks in the wall due to drying, or some other cause 
but in all cases the clear placed “d” are surrounded by the thin line which 
surrounds the entire grain. 


Slide L1 (87.6x46.8). 


Genus Elongato-sporites gen. nov. 


Characterized by the elongate shape of the spore, and what appears to be 
irregularly spaced lengthwise wings. Genotype: Elongato-sporites reticulatus. 


Elongato-sporites reticulatus sp. nov. 
Fig. 12 
Spore elongate ovate; acute; wall thin, finely reticulate, ornamented by 
ridges or wings Segining at the need and =, a little over half the 


EXPLANATION OF PLATE 

FIGURES 
Laevigato-sporites cranmorensis W. Berry. 
Zonales-sporites Priddyi W. Berry. 
Zonales-sporites penningtonensis W. Berry. 
Laevigato-sporites pennovalis W. Berry. 
Zonales-sporites peacocki W. Berry. 
Tuberculati-sporites tuberculatus W. Berry. 
Denso-sporites densus W. Berry. 
Sporonites tripterus W. Berry. 
Zonales-sporites irregularis W. Berry. 
Denso-sporites (>) auadralis W. Berry. 
Denso-sporites covensis W. Berry. 

12. Elongato-sporites reticulatis W. Berry. 

13. Laevigato- sporites theaensis W. Berry 

14. Sporonites biporus W. Berry 
All figures enlarged 497.3 times. 
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iength of the spore, irregularly placed; margins more or less keel-like making © 

it appear that the spore is triangular in cross-section; color usually brown, 

Length 35y, width 15,. a 
This elongate spore is among the most common forms in this coal. Its 

elongate shape and ridged surface make it easily recognizable. It is somewha 

like the spore figured by McCabe (1931, pl. 3, fig. 5) from the No. 5 coal 7 

of Fulton County, Illinois. McCabe’s form can be referred to this genus. | 
Slide L1 (93.2x49.8). 


Genus Sporonites H. Potonié 1893 
Sporonites biporus sp. nov. 
Fig. 14 
Spore spherical; wall very thin, double except at two places where the 
double wall is replaced by what are apparently flat diaphragms; these dia- 
phragms are not curved as is the rest of the wall and are very thin; surface 


reticulate except at the diaphragms. Diameter about 20u 
Slide L1 (82.3x52). 


Sporonites tripterus sp. nov. 
Fig. 8 
Spore somewhat like a round-based cone, with three narrow wings 
radially arranged, beginning at the apex and extending about two-thirds of the 
way down the sides; the “base” of the spore bearing two hemispherical bumps 
each about one-fourth the width of the base. There may be a third one, but in 


the several specimens observed only two were ever visible; if three are present 
they alternate with the wings. If, as it appears, there are but two, they are not 
necessarily in any fixed position relative to the wings. Height of the entire 
spore 39x. 

This form is very rare. 

Slide L1 (78.5x45). 
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